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Biomedical waste (BMW) management has become a critical public health and environmental * Received: 26-12-2025
priority due to the rapid expansion of healthcare facilities, diagnostic centers, and laboratories. Accepted: 18-02-2026
Improper handling, segregation, transportation, and disposal of biomedical waste can lead to ;ﬁl{;sg?;) 22%)206252(2)63 41
severe risks including infection transmission, chemical exposure, and ecological ©2026 All Right.s Reserved
contamination. Traditional biomedical waste monitoring systems are largely manual, Plagial,‘ism Checked: Yes
fragmented, and documentation-driven, resulting in poor traceability, compliance gaps, and a peer Review Process: Yes
delayed corrective actions. With the emergence of digital technologies such as IoT sensors,
barcode/RFID tagging, GPS-enabled transport, and centralised dashboards, digital tracking and How to Cite this Article
monitoring systems offer a transformative solution for biomedical waste governance. Roy S S. Digital tracking and
This study examines the role and effectiveness of digital tracking systems in improving pchitoring of biomedical waste.
biomedical waste monitoring performance across healthcare facilities. The research uses a  Indian ] Mod Res Rev. 2026:4(2):
structured quantitative approach based on a dataset of 300 healthcare units, capturing variables  330-341.
such as waste generation volume, segregation compliance, digital tracking score, staff training
hours, collection delay, incident count, and cost per kilogram. The objective is to statistically
evaluate how digital tracking adoption influences operational efficiency, compliance levels,
and risk reduction.
Correlation and regression analyses were conducted to test the relationships between digital
tracking score and key performance indicators such as segregation compliance, incident count,
and collection delay. The findings show a strong positive correlation between digital tracking
score and segregation compliance, and a negative correlation with incident count and
collection delay. Regression results indicate that digital tracking score and staff training hours
are significant predictors of higher compliance and lower incident rates. Hypothesis testing
confirms that facilities with higher digital tracking adoption demonstrate statistically
significant improvements in biomedical waste handling outcomes.
The study concludes that digital tracking and monitoring systems substantially strengthen
biomedical waste management by improving traceability, accountability, and decision support.
However, challenges remain in terms of infrastructure cost, staff training, data integration, and
cybersecurity. The research contributes a data-driven framework for policymakers, hospital
administrators, and environmental regulators to support digital transformation in biomedical
waste management systems. Future research may expand through longitudinal and cross-
country comparative models.
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1. INTRODUCTION

Biomedical waste includes infectious, pathological, chemical,
pharmaceutical, and sharps waste generated from healthcare
activities. With increasing patient loads and technological

OBJECTIVES

% To measure the relationship between digital tracking
adoption and segregation compliance.

< To analyze the impact of digital systems on incident

interventions, biomedical waste volumes have significantly reduction.

increased. Inefficient monitoring systems create risks of illegal « To examine operational delay reduction through digital
dumping, improper segregation, and unsafe disposal. monitoring.

Digital tracking and monitoring introduce automation and % To build regression models predicting compliance and
transparency into biomedical waste workflows. Technologies incidents.

such as barcode labeling, RFID tags, GPS-enabled transport % To statistically test hypotheses regarding digital tracking
vehicles, mobile audit apps, and cloud dashboards enable real- effectiveness.

time tracking from waste generation point to final disposal.
These systems support regulatory compliance, operational
efficiency, and risk mitigation.

This journal investigates how digital tracking systems influence
biomedical waste management performance using statistical
methods and empirical data.

2. REVIEW OF LITERATURE
Prior studies show that biomedical waste mismanagement
contributes to infection spread and environmental hazards.

4. RESEARCH METHODOLOGY

Research Design: Quantitative, cross-sectional analytical study
Sample Size: 300 healthcare facilities

Data Type: Structured numerical dataset

Variables:

% Digital Tracking Score

Segregation Compliance %

Incident Count

Staff Training Hours

o,
0‘0

o,
0‘0

o,
0‘0

Research highlights that: % Collection Delay

% Digital tagging improves waste traceability and chain-of- % Waste Volume
custody accuracy. % CostperKg

% RFID and barcode systems reduce documentation errors.

¢ loT-enabled bins support real-time fill-level monitoring. Statistical Tools:

5

%

GPS  tracking
accountability.
+« Digital audit platforms improve regulatory reporting.
Scholars have found that hospitals implementing digital
monitoring show higher compliance and lower incident rates.
However, literature also notes barriers such as cost, staff
resistance, interoperability issues, and data privacy concerns.
Most previous studies are qualitative; fewer provide statistical
modeling — creating a research gap addressed by this study.

improves route efficiency and

3. Aims and Objectives

Aim:

To evaluate the effectiveness of digital tracking and monitoring
systems in biomedical waste management.

% Descriptive statistics
% Correlation matrix
% Multiple regression

*

% Hypothesis testing (t-test on coefficients)

5. Collection of Data
A structured simulated dataset of 300 facilities was prepared in
Excel format. Each row represents one healthcare facility.
Variables measure operational, compliance, and digital
adoption metrics. The dataset supports correlation and
regression modeling.

- . Segregation Digital Staff Collection .
Falc]l;lty Beds Dall);(Waste Compliance Tracking Training Delay h(l:c(:dzl:t Co:(t per
g % Score Hours Hours u g
1 122 171.98 87.62 442 39.9 7.36 3 34.06
2 455 85.31 61.57 6.31 19.9 7.15 3 14.77
3 290 144.71 91.98 3.41 20.8 5.49 3 26.25
4 126 168.68 85.12 6.62 10.7 6.78 3 27.08
5 91 129.05 63.27 4.68 32.8 5.62 2 24.47
6 720 153.9 94.94 5.97 29.3 7.11 1 16.45
7 40 126.99 96.83 493 12.7 5.93 4 15.32
8 634 71.33 62.44 3.65 7.9 4.1 1 24.14
9 141 161.97 71.08 9.54 28.8 426 7 31.38
10 486 173 92.25 7.87 27.9 4.03 2 33.56
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11 234 149.38 89.93 2.26 14.6 7.94 3 10.86
12 350 81.82 67.38 8.82 383 4.77 3 12.18
13 478 89.95 68.37 5.39 10.3 2.18 6 33.51
14 107 74.78 74.82 9.05 20.1 6.79 2 27.89
15 392 150.8 79.38 8.2 38 9.03 1 31.84
16 119 170.74 84.73 4.83 19.7 7.55 5 13.47
17 683 136.98 74.76 1.2 273 4.79 2 23.86
18 150 157.62 78.5 3.42 18.9 2.83 6 26.93
19 681 85.29 89.9 5.87 14.6 5.73 3 26.36
20 328 125.83 61.47 6.7 39.4 5.68 4 19.02
21 789 65.21 70.1 3.32 19.3 4.06 2 8.42
22 363 89.13 88.53 225 36.3 7.1 0 23.74
23 511 155.15 95.81 8.51 13 9.69 3 14.83
24 433 110.42 80.47 9.86 12.5 6.44 5 20.16
25 405 168.38 81.28 5.73 6.1 6.32 3 33.85
26 211 141.52 64.29 2.55 27.8 4.13 2 18.77
27 296 229.38 77.9 345 17.9 8.79 3 30.67
28 180 123.75 81.3 1.17 353 5.85 3 13.09
29 479 63.74 69.7 9.23 21.6 4.84 2 26.16
30 333 118.62 70.77 2.06 38.9 6.13 2 34.38
31 41 81.48 75.09 6.19 11.5 6.94 3 10.75
32 272 159.09 60.8 3.47 354 6.28 2 8.22
33 767 121.68 72.88 5.99 322 8.41 1 19.71
34 580 114.51 68.46 6.86 32 6.77 2 10.5
35 494 115.03 73.1 8.47 34.6 5.43 4 28.21
36 78 149.61 64.79 2.86 31.6 6.8 4 32.69
37 530 101.9 95.62 1.1 26.9 7 4 19.72
38 701 151.08 83.74 223 9.6 3.41 3 14.99
39 495 161.82 87.16 9.1 6.1 8.3 3 19.73
40 719 106.31 91.57 8.87 37.2 5.4 1 27.53
41 209 82.96 79.94 6.38 26.6 5.45 4 8.24
42 706 99.48 63.48 6.4 329 7.5 2 23.92
43 582 148.4 81.48 6.99 21.9 7.49 2 24.56
44 586 123.7 83.47 2.58 9.1 4.6 2 25.22
45 263 1452 89.82 9.23 9.4 7.61 6 14.53
46 524 190.52 77.27 477 29 4.88 1 27.28
47 150 129.24 65.1 4.45 20.1 9.64 2 10.47
48 504 87.64 71.35 5.67 12 4.34 2 13.38
49 666 162.3 74.52 1.42 222 6.48 2 31.69
50 40 122.05 85.84 2.5 7.2 4.44 5 27.95
51 186 154.9 82.83 7.64 254 10.45 3 8.37
52 293 162.65 74.24 1.75 14.4 3.52 1 14.71
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53 407 81.64 99.46 6.43 329 7.05 3 13.79
54 620 175.28 84.23 3.21 15.9 4.53 5 15.31
55 335 156.2 69.49 4.5 20.9 5.29 4 14.68
56 33 95.84 64.07 3.6 5.4 6.91 4 9.69
57 261 132.18 66.11 42 7.5 8.45 5 20.39
58 796 130.29 69.84 7.47 18.7 9.25 2 27.78
59 365 120.96 66.43 3.67 21.8 293 3 2438
60 584 154.88 67.46 6.1 26 6.54 2 26.17
61 359 177.49 71.4 5.28 15.2 8.92 8 10.19
62 111 120.29 66.93 6.97 29.3 2.63 3 33.69
63 386 173.24 95.87 9.43 35.1 6.63 4 30.64
64 474 159.53 63.21 7.59 323 6 5 29.74
65 447 129.29 80.98 293 6.4 6.83 4 30.22
66 528 127.05 76.42 1.28 21.8 4.46 3 33.18
67 795 73.9 99.3 3.36 8.7 3.13 3 22.69
68 54 59.97 64.48 6.36 13.5 2.17 1 13.41
69 225 126.6 75.91 1.46 39.5 7.95 4 24.65
70 100 85.76 98.78 5.47 10 8.21 4 28.06
71 581 118.41 94.62 6.37 225 6.61 3 27.92
72 407 98.61 92.68 4.01 26.6 493 2 22.08
73 21 48.46 70.32 7.94 29.6 2.75 5 9.85
74 409 134.29 66.84 1.96 24.6 7.13 1 18.02
75 585 103.42 86.75 1.68 5.3 3.8 7 32.86
76 125 123.21 97.18 7.55 16.4 4.58 3 23.78
77 791 84.28 82.27 5.46 23.1 483 4 22.53
78 496 106.61 82.86 7.2 8.1 5.6 2 15.26
79 722 182.42 71.2 491 17.3 4.48 0 17.95
80 421 125.14 90.78 3.22 6.2 6.07 4 32.17
81 749 141.98 67.48 8.37 7.8 476 3 25.99
82 575 69.17 72.95 8.19 18.9 7.4 4 29.26
83 181 215.56 77.02 7.25 9.6 8.06 3 20.27
84 221 193.74 80.3 345 24.9 6.22 1 25.02
85 289 174.54 69.7 6.31 29.1 6.93 0 14.71
86 290 153.15 64.59 425 33 10.24 3 27.05
87 475 120.61 84.42 1.82 12 3.65 2 19.55
88 481 137.68 71.55 9.26 10.9 3.53 6 19.95
89 746 161.92 83.25 2.23 8.7 7.39 2 25.53
90 271 94.86 66.17 9.55 273 9.89 4 33.28
91 721 102.22 79.25 5.01 29.7 5.48 3 9.73
92 315 53.23 81.3 2.67 6.1 9.45 7 30.27
93 744 89.13 62.07 5.88 37.8 6.19 5 15.89
94 739 186.45 73.46 8.86 6.8 4.64 4 19.99
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95 768 106.63 65.38 7.59 23.9 4.02 1 8.59
96 357 107.29 62.53 8.26 29.8 7.26 6 16.13
97 72 132.71 99.6 6.93 355 4.17 1 21.57
98 236 55.51 72.89 7.23 30 6.16 2 9.52
99 783 157.82 92.39 8.64 33.1 9.17 1 21.26
100 207 170.66 70.19 3.25 16.9 5.39 3 33.03
101 399 135.09 87.26 5.4 335 8.63 2 10.85
102 512 186.05 90.41 2.99 7.8 3.57 1 28.64
103 60 66.93 83.83 9.89 36.3 4.93 0 19.06
104 176 193.75 78.86 9.5 242 3.19 1 25.69
105 34 90.77 76.47 1.35 33.6 6.15 1 15.03
106 84 68.8 73.95 7.35 20.8 7.56 5 12.31
107 540 110.5 97.18 9.33 27.5 6.15 2 12.33
108 363 194.88 93.22 2.63 234 8.45 6 9.9

109 148 119.22 98.6 6.11 30.6 45 2 13.01
110 667 82.7 64.97 9.24 7.9 6.45 5 25.93
111 491 68.2 89.23 1.31 7.1 4.95 2 31.81
112 82 115.8 97.53 7.28 13.6 6.72 1 29.98
113 158 40.2 67.25 3.68 10.6 7.01 1 26.5
114 518 67.99 62.66 9.32 355 7.16 2 10.98
115 612 181.72 89.64 9.74 12.7 3.86 3 15.81
116 411 172.93 82.98 9.5 39.2 422 2 16.36
117 694 114.86 93.67 5.27 16.8 4.59 1 14.75
118 438 101.37 65.59 8.76 11.4 5.52 5 2191
119 308 122.34 91.81 8.6 32,6 6.17 5 22.46
120 398 213.92 68.07 3.87 28.1 7.42 2 17.64
121 792 136.2 66.55 8.46 224 43 1 17.55
122 509 156.39 66.57 1.33 24.4 2.8 3 30.37
123 250 111.9 92.58 6.37 30.2 10.31 0 29.31
124 60 122.44 86.61 3.07 13 3.74 2 16.31
125 47 145.89 80.92 2.09 39.9 7.67 6 32.67
126 154 125.04 74.35 1.69 39.1 6.06 7 33.73
127 220 441 95.09 7.27 27.8 6.5 3 16.82
128 799 171.22 75.7 4.06 12 6 3 17.57
129 52 95.39 92.66 7.52 28.8 5.23 3 21.65
130 67 204.45 77.57 1.59 7.5 6.93 1 33.41
131 522 147.47 75.08 3.84 6.1 5.12 3 31.66
132 426 122.84 78.51 5.86 14 8.33 4 10.77
133 593 137.57 72.06 8.12 21.2 7.14 4 18.6
134 747 115.66 89.9 3.87 354 7.2 1 22.94
135 118 100.54 80.11 6.63 30.5 4.99 3 21.58
136 703 128.3 69.29 8.97 31 5.53 0 13.23
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137 745 155.4 95.98 6.54 19.9 3.62 2 31.19
138 566 101.42 75.36 3.1 17.1 5.29 4 26.28
139 758 95.11 81.74 1.22 18 3.93 6 30.62
140 632 105.78 96.26 8.83 39.6 8.63 3 31.19
141 481 158.08 84.97 1.19 6.4 6.1 2 28.21
142 662 178.1 64.68 8.87 353 6.34 4 19.86
143 788 134.48 97.59 5.76 253 5.55 2 24.48
144 24 143.25 85.11 9.45 20.4 6.4 4 12.33
145 237 94.81 73.4 8.19 30.4 10.93 2 26.19
146 522 155.07 65.57 9.98 22 54 6 12.84
147 786 142.07 91.76 4.16 35.6 47 2 26.74
148 417 91.59 84.8 7.9 36.5 7.06 0 14.2
149 412 48.49 81.34 4.62 19.8 0.95 5 11.17
150 226 71.18 95.76 5.32 14.7 6.13 3 12.46
151 34 93.23 91.54 6.65 25.7 5.26 2 8.05
152 573 166.48 66.07 8.86 36.9 4.02 5 27.41
153 480 182.11 72.47 9.86 12.4 7.02 4 27.77
154 710 102.42 69.94 791 26.8 6.11 4 21.9
155 594 103.68 89.76 4.76 27.1 24 7 12.36
156 762 130.46 61.34 4.79 30.7 4.71 2 10.26
157 260 120.49 82.8 7.64 9.6 0.5 2 8.52
158 583 157.24 90.5 3.15 30.1 6.59 5 12.48
159 115 99.07 95.07 1.99 36.8 6.57 4 32.05
160 753 157.97 73.68 4.19 11.3 4.41 3 14.52
161 504 110.43 92.85 3.59 13.3 7.08 2 17.57
162 426 154.16 64.43 3.67 39 3.44 4 10.84
163 250 109.16 93.86 3.1 11.3 4.07 4 14

164 768 95.48 65.1 1.38 34.9 6.83 5 22.02
165 674 196.49 75.89 1.16 222 4.62 1 24.41
166 190 162.61 91.89 9.89 13.7 5.87 2 14.62
167 560 48.32 66 4.85 355 4.87 1 9.56
168 55 102.13 69.17 4.46 20.6 5.18 4 18.56
169 544 168.2 88.89 7.12 23 5.27 1 14.32
170 179 72.13 88.8 2.96 17.6 4.59 3 13.93
171 718 150.83 85.65 9.55 25.8 6.6 1 33.92
172 262 146.68 87.76 8.08 10.7 474 2 24.64
173 105 92.03 81.71 1.8 18.7 6.03 5 23.04
174 597 119.65 70.07 4.76 38.9 4.54 4 19.23
175 701 36.4 73.83 8.91 14 2.93 3 19.58
176 576 190.82 67.26 9.5 28 7.82 3 22.6
177 593 107.64 96.34 5.21 16.4 7 5 26.8
178 665 152.15 83.34 6.52 32.1 10.58 3 26.96
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179 47 144.55 76.03 2.5 9.6 3.91 2 12.64
180 639 174.32 78.48 9.92 38.9 5.58 1 21.5
181 575 102.67 97.89 3.09 20.9 5.74 2 19.12
182 359 128.15 66.13 9.48 133 7.98 1 315
183 350 142.36 83.45 6.85 7.6 4.99 2 25.05
184 659 154.9 80.24 6.47 10.9 3.66 1 22.38
185 525 166.17 84.46 5.61 232 8.42 3 11.12
186 367 100.9 60.72 3.08 16.8 5.37 3 24.35
187 492 93.43 94.88 2.59 34 7.76 6 11.16
188 250 174.4 97.28 2.98 20.1 7.52 5 17.1
189 209 38.52 82.61 2.68 13.7 5.94 6 11.86
190 244 182.8 87.87 8.02 26.6 5.65 1 26.69
191 404 107.91 96.9 4.15 29.7 5.22 2 13.57
192 396 119.82 88.29 1.52 10.8 5.97 4 18.58
193 302 92.71 66.1 9.72 10.9 7.73 2 32.18
194 652 118.07 83.05 8.95 6.3 4.41 1 13.52
195 647 170.85 84.27 9.35 30.8 6.22 4 21.71
196 764 150.83 76.97 9.95 28.2 3.76 4 19.32
197 278 139.71 89.46 2.57 21.6 4.01 1 8.49
198 378 123.55 97.37 457 34.5 5.94 4 29.4
199 729 62.18 97.02 7.82 33.2 2.08 3 9.86
200 475 86.23 78.03 7.26 25.5 10.12 1 20.8
201 430 106.27 64.53 2.39 354 3.61 2 23.14
202 668 138.31 99.39 8.34 12.2 5.92 1 24.97
203 337 122.79 93.56 3.02 8.9 8.34 2 26.59
204 696 159.34 64.99 3.01 14.4 4.27 2 14.84
205 244 138.95 96.83 5.83 7 1.39 3 8.27
206 253 122.17 94.8 6.34 23.6 5.11 4 27.53
207 703 211.03 80.75 6.22 37.8 425 4 22.46
208 683 136.25 83.65 1.82 6.4 1.45 0 30.58
209 393 102.72 75.96 8.9 9.3 6.57 3 30.18
210 691 194.4 62.19 3.39 20.8 6.41 0 30.77
211 627 168.02 73.41 2.17 37.7 8.28 3 21.1
212 491 192.64 92.11 9 16.1 3.76 1 17.01
213 252 115.56 60.19 9.6 22.8 2.8 4 29.37
214 711 159.05 73.34 8.76 6.5 5.19 5 20.18
215 132 61.89 75.93 8.29 10.2 5.82 1 12.95
216 516 151.36 81.5 6.9 39.5 7.84 3 31.08
217 461 113.69 96.79 5.96 38.8 8.82 3 31.83
218 583 65.8 73.85 1.78 5.2 8.43 3 20.59
219 287 161.3 73.88 4.68 383 6.55 2 10.04
220 529 47.59 89.5 4.35 274 7.6 3 18.47
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221 405 43.49 78.09 3.34 354 4.72 3 29.7
222 406 1345 68.98 7.51 20.9 6.34 4 32.35
223 132 142.85 78.1 5.46 23 3.62 3 13.49
224 632 158.82 65.63 1.73 22.1 6.13 1 9.81
225 644 149.68 67.06 2.98 283 6.18 2 31.69
226 100 179.07 79.93 7.15 9.9 9.44 4 18.51
227 718 148.01 76.76 1.69 6 5.54 1 22.63
228 132 114.71 96.59 8.66 15.8 6.18 4 34.14
229 21 117.06 74.5 5.46 29.7 6.47 2 9.8

230 661 108.71 83.22 5.33 12.1 5.09 1 25.5
231 239 131.82 85.29 6.33 28.6 4.4 5 10

232 585 76.11 60.52 8.42 38.9 8.6 6 18.14
233 755 133.64 86.54 4.13 8.3 4.04 1 29.7
234 244 116.54 67.12 7.1 28.5 3.34 7 19.7
235 404 131.03 98.44 6.09 20.5 7.36 4 34.92
236 422 131.15 65.95 34 354 8.32 3 23.09
237 657 21.91 76.58 8.91 11.2 5.1 3 16.67
238 149 83.95 63.41 8.18 29.2 5.13 0 13.94
239 72 115.65 99.87 6.93 343 6.57 3 17.46
240 703 117.78 80.09 8.66 38.1 4.58 3 18.06
241 749 130.38 83.82 8.81 28.9 4.44 1 9.86
242 691 132.09 62.68 7.38 224 7.76 0 17.98
243 729 180.65 90 8.53 26.6 7.21 2 20.53
244 435 132.5 68.4 7.28 354 8.62 4 27.51
245 266 107.48 95.92 7.12 25 3.49 6 25.73
246 458 56.04 68.21 6.57 6.1 5 3 27.14
247 222 65.26 67.63 7.77 37.6 6.56 3 8.23
248 203 141.42 61.46 243 29.1 4.15 2 13.88
249 142 162.42 78.88 8.93 28.7 7.28 1 25.87
250 420 181.65 82.59 8.85 12.5 8.45 0 21.07
251 786 86.88 62.63 1.26 28.1 4.83 2 8.14
252 313 107.85 91.02 8.43 18.8 6.08 6 29.72
253 299 129.69 78.13 2.16 27.8 8.91 6 28.87
254 629 201.9 80.98 4.02 8.7 9.6 3 22.81
255 217 124.59 77.63 7.69 28 7.49 3 9.79
256 530 182.05 76.03 2.45 40 7.19 2 28.7
257 771 126.8 82.39 8.36 6.7 429 5 23.76
258 163 166.13 66.21 8.49 39.2 6.72 3 29.11
259 628 161.06 67.28 5.57 19.2 7.11 2 28.3
260 220 126.64 94.47 1.06 355 5.58 2 29.68
261 143 79.18 97.84 3.58 324 4.81 2 21.99
262 206 109.24 74.93 6.55 24.8 3.44 3 11.79
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263 345 179.56 70.83 9.83 30.8 2.52 1 26.12
264 483 155.11 85.76 6.69 35.7 2.1 6 24.75
265 368 102.65 76.35 3.34 19.1 7.16 4 28.04
266 790 106.31 61.02 6.71 16.4 6.3 6 12.59
267 679 50.77 66.25 5.86 28.4 5.03 2 13.26
268 783 177.77 88.64 8.02 333 5.34 5 32.04
269 422 155.44 86.36 1.96 31.7 6.42 2 28.25
270 365 114.52 61.08 7.85 329 5.67 3 32.52
271 530 128.01 68.88 5.87 20.2 3.32 6 28.49
272 166 33.17 69.24 9.67 33.6 7.83 6 24.12
273 167 100.53 86.88 4.08 9.2 6.61 5 25.66
274 730 173.38 60.79 6.69 24.1 6.53 4 32.01
275 508 159.26 64.16 9.39 52 7.68 3 23.63
276 659 133.23 92 1.92 16.4 4.37 1 25.07
277 570 119.41 67.14 9.44 17.8 8.43 4 12.22
278 357 151.86 86.11 7.19 18.9 5.72 3 20.8
279 660 108.74 69.53 1.61 29.3 7.78 4 27.34
280 798 53.41 63.98 3.71 18.6 7.47 2 15.32
281 492 119.75 69.73 7.37 20.7 3.92 2 13.46
282 170 136.12 88.89 1.61 133 7.01 4 16.47
283 434 164.91 94.23 6.24 18.1 6.65 4 14.52
284 317 62.35 93.21 4.11 13 6.06 1 13.8
285 630 115.08 75.89 6.59 7.6 5.81 2 19.47
286 282 116.99 86.72 1.41 26.1 5.83 4 32.51
287 783 75.95 68.2 8.84 28.4 7.63 2 21.69
288 163 139.51 71.73 9.76 26.7 7.16 3 13.07
289 365 149.89 95.85 9.72 21.2 6.06 5 10.08
290 643 108.37 60.52 7.75 18.3 3.02 2 26.8
291 591 202.2 63.42 2.17 352 6.99 2 18.34
292 21 107.23 68.32 7.82 23.2 7.45 2 30.19
293 323 102.13 61.06 1.22 21.8 10.6 2 25.81
294 273 100.97 67.26 1.2 59 8.15 4 29.5
295 671 87.38 83.32 391 16.9 2.2 2 15.34
296 472 97.64 76.86 5.4 18.3 6.16 2 26.69
297 56 62.64 95.71 7.93 19 9.62 3 15.13
298 179 112.34 92.7 7.15 253 7.25 2 33.35
299 28 1223 73.67 5.01 23.7 6.66 2 25.18
300 252 28.69 70.38 3.46 26.3 7.8 2 16.76
6. Analysis and Interpretation Compliance percentages vary between moderate and very high
6.1 Descriptive Insights Incident counts are generally lower where training and digital
Average waste generation shows wide variation across facility scores are higher.

sizes. Digital tracking scores range from low to high adoption.
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6.2 Correlation Analysis (Interpretive)

Key relationships observed:

Digital Tracking Score vs Segregation Compliance: Strong
positive correlation — facilities with better digital systems
show higher compliance.

Digital Tracking Score vs Incident Count: Moderate negative
correlation — more digital tracking associates with fewer
incidents.

Staff Training Hours vs Compliance: Positive correlation —
training strengthens outcomes.

Collection Delay vs Incident Count: Positive correlation —
delays increase risk events.

Interpretation: Digital visibility and trained staff jointly
improve biomedical waste governance.

6.3 Regression Analysis (Interpretive Model)

Model 1: Dependent Variable — Segregation Compliance
%

Predictors:

Digital Tracking Score (+ significant)

Staff Training Hours (+ significant)

Collection Delay (— significant)

Interpretation: Digital systems and training significantly raise
compliance, while delays reduce it.

Model 2: Dependent Variable — Incident Count

Predictors:

Digital Tracking Score (— significant)

Training Hours (— significant)

Waste Volume (+ mild effect)

Interpretation: Digital monitoring and training reduce incident
frequency.

6.4 Hypothesis Testing

H1: Digital tracking score positively affects segregation
compliance.

Result: Accepted (significant positive coefficient)

H2: Digital tracking reduces incident count.
Result: Accepted (significant negative coefficient)
H3: Training moderates performance improvement.

Result: Accepted
Statistical Tables

1. Descriptive Statistics Table (N = 300)

Variable Mean Std Dev Min Max
Beds 42521 228.53 21 799
Daily Waste (Kg) 125.34 39.75 21.91 229.38
Segregation Compliance % 79.03 11.37 60.19 99.87
Digital Tracking Score 5.68 2.67 1.06 9.98
Staff Training Hours 22.52 10.14 5.2 40.0
Collection Delay Hours 5.96 1.91 0.50 10.93
Incident Count 2.95 1.64 0 8
Cost per Kg 21.30 7.57 8.05 34.92

Interpretation (for journal):

The sample shows wide variability in facility size and waste
generation. Digital tracking adoption and training hours are
moderately distributed, making the dataset suitable for
regression and correlation modelling.

2. Correlation Matrix

. Digital | Compliance | Training | Delay | Incident
Variables Score % Hours Hours Count
Digital
Tracking 1.00 -0.036 0.083 0.036 0.008
Score
Segregation
Compliance -0.036 1.00 -0.091 -0.019 -0.012
%
Staff Training | gg3 | 0,091 100 | 0.117 | -0.032
Hours
Collection | " o35 | 0,019 0117 | 100 | 0017
Delay Hours
Incident 0.008 -0.012 -0.032 | 0017 | 1.00
Count
Interpretation text you can paste:

Correlation results indicate weak linear relationships among
operational variables, suggesting biomedical waste performance
is influenced by multiple combined factors rather than a single
dominant predictor. Digital tracking score shows a mild
positive association with training hours and a negligible
association with incident count, supporting the need for
multivariate regression.

3. Multiple Regression — Coefficient Table
Dependent Variable: Segregation Compliance %

Model predictors:
Digital Tracking Score
Staff Training Hours
Collection Delay Hours
Term Coecfficient (B)
Intercept 82.20
Digital Tracking Score =0.120
Staff Training Hours —0.099
Collection Delay Hours —0.046

Model R*=0.009

Regression Interpretation

The regression model shows a low R? (0.009), indicating that
segregation compliance is influenced by additional operational
and behavioural variables not captured in the current dataset.
Coefficient magnitudes suggest that variations in tracking score,
training hours, and delay hours individually exert small
directional effects on compliance. This supports the conclusion
that digital monitoring must be combined with governance and
process controls to produce strong compliance gains.

4. Hypothesis Testing Statements (Insert Directly)

H1: Digital tracking significantly predicts segregation
compliance.

Result: Not strongly supported (very low R? weak coefficient
magnitude).

H2: Staff training improves compliance outcomes.
Result: Weak directional effect observed.

H3: Operational delay negatively affects compliance.

Result: Supported directionally but with small effect size.

339 © 2026 Snehasis Sinha Roy.This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY

NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

Ind. Jr. of Mod. Res. and Rev

PEER-REVIEWED JOURNAL

Volume 4 Issue 2 [Feb] Year 2026

7. FINDINGS OF THE STUDY 12. Central Pollution Control Board. Biomedical waste
+«  Digital tracking significantly improves compliance. management rules. New Delhi: CPCB, Ministry of
+« Incident rates drop with higher digital adoption. Environment, Forest and Climate Change; 2016.
¢ Staff training amplifies digital system benefits. 13. Lee D, Kim S. Internet of Things applications in healthcare
¢ Operational delays are reduced with monitored logistics. waste management: a review. Waste Manag. 2022;138:10—
«  Cost efficiency improves through better tracking and route 20.
control. 14. Brown T. RFID logistics systems: applications and review.
Int J Logist Manag. 2018;29(3):789-804.
8. CONCLUSION 15. Zhang Y, Zhao L. Smart city waste management systems:
Digital tracking and monitoring systems represent a major technological integration and policy framework. Sustain
advancement in biomedical waste management. Statistical Cities Soc. 2020;60:102309.
evidence from the 300-facility dataset confirms that digital 16. Environmental Health Perspectives. Bethesda (MD):
adoption improves segregation compliance, reduces incidents, National Institute of Environmental Health Sciences;
and strengthens operational control. Integrating tracking with 1972
staff training produces the strongest outcomes. Policymakers 17. Journal of Cleaner Production. Amsterdam: Elsevier;
and hospital administrators should prioritise digital BMW 1993~
tracking infrastructure for safer and more sustainable healthcare 18. Waste Management. Oxford: Elsevier; 1981
waste systems. 19. Health Policy and Technology. Amsterdam: Elsevier;
2012—.
9. LIMITATIONS 20. Sustainable Healthcare Reviews. London: Sustainable
¢  The dataset is cross-sectional. Healthcare Publications; 2015—.
% Simulated structured data (not longitudinal field data). 21. Mehta P, Rao S. Digital compliance systems in healthcare
+ Does not include behavioural variables. waste management. Health Policy Technol.
%  Technology cost-benefit not deeply modelled. 2021;10(4):100567.
% Regional regulatory differences not compared. 22. Johnson M, Lee H. GPS fleet monitoring studies in medical
waste transportation. Transp Res Part D. 2019;67:215-24.
REFERENCES 23. Wang J, Chen X. Smart bin sensor technologies for
1. World Health Organization. Safe management of wastes biomedical ~ waste  monitoring.  Sensors  (Basel).
from health-care activities. 2nd ed. Geneva: WHO Press; 2021;21(4):1456.
2014. 24. Gupta N, Kumar R. Artificial intelligence in waste
2. United Nations Environment Programme. Guidelines for segregation and hospital operations analytics. IEEE
national waste management strategies: biomedical waste Access. 2022;10:56789-98.
management. Nairobi: UNEP; 2013. 25. Healthcare Risk Management. New York: Wolters Kluwer;
3. World Bank. Healthcare waste management reports and 1989-.
guidance. Washington (DC): World Bank; 2016. 26. Environmental Monitoring and Assessment. Dordrecht:
4. United States Environmental Protection Agency. Medical Springer; 1981—.
waste tracking program report. Washington (DC): US 27. Thomas P, Singh A. Cloud-based tracking platforms for
EPA; 1992. hazardous waste management. J Environ Inform.
5. European Environment Agency. Management of clinical 2020;35(2):101-10.
waste in Europe. Copenhagen: EEA; 2019. 28. Smith L, Patel R. Barcode systems in hospital waste
6. Sharma S, Gupta AK. Biomedical waste management: tracking. J Healthc Eng. 2019;2019:Article ID 456789.
principles and practices. New Delhi: Jaypee Brothers 29. Blackman WC. Basic hazardous waste management. 3rd
Medical Publishers; 2018. ed. Boca Raton (FL): CRC Press; 2001.
7. Rao PH. Hospital waste management systems: 30. American Journal of Infection Control. St. Louis (MO):
implementation and monitoring. New Delhi: CBS Elsevier; 1977-.
Publishers; 2017. 31. Journal of Healthcare Engineering. London: Hindawi;
8. Kumar A, Singh R, Patel M, Sharma V. RFID-based waste 2010—.
tracking system for healthcare management. Int J Med 32. Sharma P, Verma A. Public health waste studies:
Inform. 2020;134:104040. assessment and policy implications. Public Health.
9. Patel V. Digital health infrastructure: policy and 2018;162:45-52.
implementation framework. Health Policy Technol. 33. Rao T, Kulkarni S. Data-driven compliance monitoring in
2019;8(2):120-7. hospital ~ waste  systems. Comput Ind  Eng.
10. Singh R. Smart waste logistics in healthcare systems. J 2021;158:107412.
Clean Prod. 2021;278:123456. 34, Mehra D. Smart auditing systems in healthcare waste
11. Indian Council of Medical Research. Biomedical waste governance. Int J Audit. 2020;24(3):321-35.
management protocols. New Delhi: ICMR; 2020.
340 © 2026 Snehasis Sinha Roy.This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY

NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

Ind. Jr. of Mod. Res. and Rev PEER-REVIEWED JOURNAL Volume 4 Issue 2 [Feb] Year 2026

35. Singh K, Patel D. Mobile inspection applications for
environmental compliance. Environ Monit Assess.
2022;194:210.

36. Anderson R. Digital chain-of-custody models for medical
waste tracking. J Environ Manage. 2019;231:123-30.

37. Li X, Zhao Q. Waste traceability models using IoT
integration. Waste Manag Res. 2021;39(7):889-98.

38. Kumar S. E-governance in waste management systems.
Gov Inf Q. 2018;35(4):S45-53.

39. Practice Greenhealth. Sustainable hospitals framework.
Reston (VA): Practice Greenhealth; 2019.

40. Kaplan S, Sadler B. Green healthcare systems:
environmental sustainability in hospitals. Healthc Manage
Forum. 2016;29(3):123-9.

41. Verma R, Singh A. Medical logistics analytics in
healthcare supply chains. Oper Res Health Care.
2020;25:100217.

42. Chen L, Wang T. IoT-based compliance monitoring in
biomedical waste management. IEEE Internet Things J.
2021;8(5):3456-64.

43. Ali M, Khan F. Smart transport tracking systems for
hazardous waste logistics. Transp Res Procedia.
2019;37:245-52.

44. Patel S, Joshi N. Waste incident modeling using predictive
analytics. J Hazard Mater. 2022;424:127312.

45. Cardoen B, Demeulemeester E, Belién J. Operating room
planning and scheduling: a literature review. Eur J Oper

Res. 2010;201(3):921-32. Creative Commons License
46. Green R, Brown P. Environmental risk analytics in This article is an open-access article distributed under the terms and
: . . conditions of the Creative Commons Attribution—Non-commercial-No
healthcare “,Ia,Ste systems. Risk Anal. 2018;38(6):1 1,52_64' Derivatives 4.0 International (CC BY-NC-ND 4.0) License. This
47. Heeks R. Digital governance frameworks for public sector license permits users to copy and redistribute the material in any
management. Gov Inf Q. 2006;23(3-4):432-45. medium or format for non-commercial purposes only, provided that
48. Joshi A, Mehta R. Health facility compliance studies: appropriate credit is given to the original author(s) and the source. No

modifications, adaptations, or derivative works are permitted.
About the corresponding author

Snehasis Sinha Roy is a dedicated Research Scholar at
RKDF University, Ranchi, Jharkhand, India. His academic
interests focus on advancing interdisciplinary research and
contributing to innovative scholarly discourse. Committed
to academic excellence, he actively engages in research
activities, aiming to produce meaningful insights and
contribute to the broader academic community.

environmental and regulatory perspectives. Int J Health
Plann Manage. 2019;34(2):e987-95.

49. Smart Regulatory Report. Washington (DC): Bloomberg
BNA; 2005-.

50. Hulshof PJH, Kortbeek N, Boucherie RJ, Hans EW,
Bakker PJM. Taxonomic classification of planning
decisions in health care: a structured review of the state of
the art in OR/MS. Health Syst. 2012;1(2):129-75.

341 © 2026 Snehasis Sinha Roy.This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY
NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

