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Abstract

The outbreak of the COVID-19 pandemic, supply chains were disrupted worldwide, and
traditional ways of executing logistics had to be innovative. This case study will look into the
logistics innovations catalyzed by the COVID-19 pandemic, such as contactless delivery
systems, flexible warehousing solutions, and integration of advanced technologies such as IoT,
Al and robotics. It also evaluates their effectiveness in resolving pandemic-induced challenges
such as guaranteeing safety, maintaining supply chain resilience, and adapting to fluctuating
demand. The real-world examples of viability for long-term applications of the innovations
mentioned above in this study are drawn from across industries. It shows how such pandemic-
driven transformations may actually redefine logistics to greater efficiency, sustainability, and
adaptability in a post-pandemic world. Recommendations are made to leverage these
advancements for the creation of future-ready logistics ecosystems.

IndexTerms— COVID-19, logistics innovation, contactless delivery, flexible warehousing,
supply chain resilience, 10T, Al in logistics, robotics, pandemic-driven transformation, long-
term logistics strategies.

I. INTRODUCTION

The COVID-19 pandemic put a halt on global supply chains, forcing logistics industries to
innovate quickly if they were going to remain operational. Many governments forced companies
into lockdowns, restricted movements, and enforced rigid health protocols that could not be
easily accommodated by the traditional logistics model. Consequently, it accelerated the
adoption of a series of transformative technologies and practices: contactless delivery, flexible
warehousing, and digital supply chain management. This not only met pressing challenges but
also unveiled possible long-term remedies in bolstering resilience and efficiency within the
logistics operation. During the pandemic, there has been a high acceptance of contactless
delivery systems, with drone-based delivery systems, autonomous vehicles, and mobile app-
driven drop-off solutions leading the charge for consumers in search of safety and convenience.
As crises arise due to fluctuating demand and disrupted transportation networks, flexible
warehousing strategies necessitated by new developments in robotics, IoT, and cloud-based
inventory management take center stage. These innovations, although developed in crisis,
provide a glimpse into how goods will be stored, handled, and delivered post-pandemic. The
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case study discusses innovations within logistics that were driven by the pandemic, critically
assessing their utilization during COVID-19 and their potential for long-term use. This paper
investigates these various solutions by testing actual applications, challenges, and results to
determine how the identified practices are suitable for long-term implementation in the pursuit
of supply chain agility, reduction in operational costs, and higher levels of customer satisfaction.
These findings consequently present valuable insights for stakeholders in logistics, technology,
and policymaking that help shape the future of global supply chains in a resilient, digital-first
era[1],[3].

II. LITERATURE REVIEW

Barua (2020) [1] presents a discussion on the economic consequences of the COVID-19 pandemic.
The author goes on to emphasize how it reshaped the economic activities of the entire world,
disrupted global markets and supply chains because of lockdowns and public health measures,
thereby creating extreme demand shocks. Besides this, he propagates that the pandemic
accelerated digital transformations in many industries. The required government intervention
and international cooperation against such an economic fall are emphasized in this research.

Hwang(2020) [2] discussed how surgical oncologists navigated cancer patients through the
COVID-19 pandemic and truly emphasized a point on cancer care in uncertain times. These
include changes to treatment protocols, the need for virtual consultations, and how such will
have long-term changes in cancer care delivery. The key take-home message is that adaptive
policies ensure continuity of lifesaving medical procedures during crises.

Adbi (2019) [3] investigate the market dynamics in India's influenza vaccine market during a
demand shock precipitated by a health crisis. The pandemic serves as a natural experiment to
understand how changes in market structures and consumer behavior may be observed, given
that this sector has experienced a huge disturbance-supply chains disrupted and civic health at
risk-and how it can really shift markets, especially within the healthcare industry.

Hafiz(2020) [4] review the economic and financial policy responses to the corona virus crisis,
underlining the regulatory adjustments in an attempt to handle the immediate financial risks
produced by this pandemic. They subsequently focus on fiscal interventions, financial support
programs, and regulatory shifts which aimed to avert economic shrinkage and to assure stability
in the financial markets, therefore putting forward a global comparative view.

Jackson and Schwarcz (2020) [5] discuss systemic financial risks from the perspective of the
stability of global financial systems engendered by the pandemic. The paper discusses how
pandemics such as COVID-19 amplify pre-existing vulnerabilities within financial markets,
which have implications for policy and risk management in global economies. It emphasizes the
importance of solid financial regulations, which would help avoid systemic crises.
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Ciuriak and Calvert (2020) [6] discuss how COVID-19 has affected Asian trade and supply chain
linkages, showing how the pandemic disrupted highly interrelated regional economies. Their
analysis suggests that this pandemic exposed some weaknesses in the structure of global supply
chains, with significant long-term implications for international trade and regional economic
cooperation. This paper underlines the necessity to reshape the trade policies with the purpose of
protection against future global disruption.

Spinuzzi (2012) [7] investigates the phenomenon of co working as a collaborative activity.
Although not exactly COVID-19-related, this study provides important insights into how the
pandemic accelerated trends in remote work and digitalization of professional collaboration. It
probes into the function of co working spaces in stimulating innovation and adaptability-an
indispensable attribute of enterprise in the post-pandemic environment.

Chowdhury (2021) [9] present a wide-ranging review of COVID-19 supply chain studies in their
systematic review. They identify how the pandemic accelerated the vulnerabilities that have
always existed within global supply chains to cause delays, shortages of resources, and halts in
production. Thus, the review calls for resilience in supply chain strategies through the
incorporation of risk management and adaptability to unanticipated global crises.

III. OBJECTIVE

* Identify Pandemic-Driven Logistics Innovations: Explain the key logistics innovations
driven by challenges thrown by the COVID-19 pandemic: contactless delivery, flexible
warehousing, and extended supply chain digitization.

* Assess Technological Adaptations: Discuss new technological development in Al, IoT,
robotics, block chain, etc., that made such innovations possible, in deciding how far they
were useful for ensuring continuity of business operations.

* Evaluate Operational Effectiveness: Assess how such innovations have performed in
terms of operational efficiency, cost management, and customer satisfaction during the
pandemic period.

* Analyze Viability for Long-Time Use: Assess scalability, cost-effectiveness, and
adaptability in post-pandemic scenarios-including the possibility of widespread adoption
across industries-of these innovations.

* Understand Industry-Specific Applications: Understand how such innovations were
bespoke to industry needs in e-commerce, healthcare, and retail to meet unique logistical
challenges posed by the pandemic.

* Adoption at Consumer and Workforce Level: Based on how consumers and the
workforce have adapted to these logistic solutions in terms of their behavior and
satisfaction.

* Impact on Environmental and Sustainability: How such innovations contribute to
meeting sustainability objectives, such as a reduction in emissions through optimized
delivery routes with decentralized warehousing.
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* Strategic Recommendations: Your recommendations on actionable insights and strategic
integration of the pandemic-driven innovation into the long-term logistics planning and
operations.

IV. RESEARCH METHODOLOGY

This is a mixed-methods study to explore the logistics innovations necessitated by the pandemic
and their possible permanence. The research is prefaced with a literature review of academic
articles, industry reports, and case studies published from 2019 to 2021 on key logistics
innovations such as contactless delivery, flexible warehousing, and automation technologies. In
this regard, survey research design will be employed to capture primary data through semi-
structured interviews with logistics managers, supply chain analysts, and technology providers
to attain qualitative insights into the challenges, benefits, and adoption strategies concerning
these innovations. Secondary data will be obtained from financial reports, market analyses, and
government publications to quantify the impact of the subject innovations on operational
efficiency, cost savings, and customer satisfaction. It considers case studies of companies that
have implemented pandemic-driven solutions, such as Amazon, DHL, and local courier services,
from which best practices and the possibility of their survival in the long term will be identified.
Triangulation of data sources ensures validity through cross-referencing across different sources.
This is further assessed for scalability and sustainability in the post-pandemic era through the
use of statistical tools such as descriptive analysis and trend forecasting. This methodology
provides great insight into how COVID-19 has reshaped logistics and the eventual possibilities
that such innovations will permanently change the face of the industry.

V. DATA ANALYSIS

The COVID-19 pandemic seriously disrupted supply chains globally, hence the fast-tracking of
creative logistics solutions. Included in the list are contactless delivery systems, which became
hotcakes, now accepted as a vital safety measure that keeps services going despite the crisis.
According to logistics firms DHL and FedEx, 60 to 80% more goods were delivered using
contactless methods during the pandemic. It was driven by minimizing physical interaction,
including adherence to health guidelines. In addition, surveys conducted in industry reports
revealed that 75% of all consumers favored contactless delivery even after the pandemic, which
could mean it's a trend likely to last. Flexible warehousing also became one of the key
innovations that have helped companies to adapt to the fluctuating demand and regional
lockdowns. For instance, Amazon and Alibaba reported the deployment of advanced warehouse
management systems that expanded storage by 40% while enhancing operational efficiency by
30%. Similarly, small businesses move to shared warehousing models enabled by technology
platforms such as Flexe; these allow the scaling of operations dynamically without substantial
capital investment. Further, the integration of Al and IoT into the system of logistics was crucial
for strengthening operational resiliency. Predictive analytics allowed real-time changes in
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routing patterns that minimized delays as much as 25% in peak pandemic periods. Data from
McKinsey shows that companies using artificial intelligence in logistics attained cost savings of
15-20%, further reinforcing the case for long-term utility. All in all, the analysis underlines that
these pandemic-driven innovations—contactless delivery, flexible warehousing, and Al
integration —are not just reactive measures but foundational shifts poised to redefine logistics.
Their adoption has not only addressed immediate challenges but also created robust, scalable
solutions that can enhance efficiency, safety, and customer satisfaction in the post-pandemic era.

TABLE.1.PANDEMIC-DRIVEN LOGISTICS INNOVATIONS AND THEIR LONG-TERM

VIABILITY[2],[6],[9]
Company/Initiative Innovation Implementation Long-term Viability
Introduced "no-contact" High: Continues to align
Contactless - - .
Amazon Deliver delivery by leaving packages | with customer preferences
Y at designated spots. for safety and convenience.
Autonomous Deployed robots for last-mile | Moderate: Cost challenges
JD Logistics (China) . deliveries to reduce human but scalable in high-
Delivery Robots .
contact. density urban areas.
. Launched "pop-up" High: Useful for seasonal
Flexible
Walmart . warehouses to meet e- demand surges and
Warehousing _
commerce demand spikes. emergency preparedness.
Expanded IoT-based High: Essential for long-
DHL Express Real—jclme SuPply trackllng FO. ensure su})ply t.e.rm supply chain
Chain Tracking chain visibility during resilience and customer
disruptions. satisfaction.
Enhanced cold-chain High: Ess'en’ual f.or.
Temperature- s . pharmaceutical logistics,
FedEx - capabilities for vaccine . .
controlled Logistics o especially for vaccines and
distribution. . )
biologics.
. Launched "Fast & Flexible" | High: Growing demand for
Grocery Delivery . . . . .
Instacart o delivery options with Al online grocery services
Optimization . O
scheduling. sustains its relevance.
Digital Freight Irlnplement.ed AI-power(?d High: Improves efﬁqency
Maersk freight booking and real-time | and customer experience
Management . S
shipping updates. for global shipping.
High: Enhances
Partnered with local stores to community-centric
. . Hyperlocal . -
Flipkart (India) . . expand fast delivery logistics networks for
Delivery Expansion ege
capabilities. urban areas.
Contactless Added features for no- High: Customer preference
Uber Eats . contact handoffs during food | ensures its adoption for the
Restaurant Delivery .
deliveries. foreseeable future.
Drone Deliver Tested drone delivery for Moderate: Regulatory
Blue Dart y critical supplies in remote challenges persist but has

Trials

areas.

high potential for
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emergencies.

Dynamic Route

Adopted Al tools to optimize

High: Cost-effective and

XPO Logistics o delivery routes for minimal aligns with sustélnablllty
Optimization . . goals by reducing fuel
delays during peak times.
usage.
Intljoduced virtual High: Convenience-driven,
DashMart for convenience stores to offer
DoorDash

Essential Goods

same-day delivery of
essential items.

remains relevant for urban
and suburban areas.

Cainiao (Alibaba
Group)

Smart Warehousing
Solutions

Deployed Al to optimize
inventory management and
order fulfillment.

High: Drives operational
efficiency and supports e-
commerce growth.

Zomato (India)

Bio-safe Packaging

Adopted tamper-proof, bio-
safe packaging for food
delivery.

Moderate: Adds value for
customers, but cost
considerations may affect
widespread adoption.

UPS

Reverse Logistics
for Returns

Enhanced infrastructure for
seamless and contactless
product returns.

High: E-commerce growth
sustains the need for
efficient returns
management.

The Table -1 highlights key logistics innovations developed in response to the COVID-19
pandemic, showcasing how companies adapted to unprecedented challenges. Innovations like
contactless delivery by Amazon and Uber Eats, autonomous delivery robots by JD Logistics, and
flexible warehousing by Walmart demonstrate the sector’s agility in ensuring safety and
efficiency. Advanced solutions range from the real-time supply chain tracking at DHL Express
and Al-powered freight management by Maersk to the initiation of drone delivery trials at Blue
Dart. It has been FedEx's temperature-controlled logistics to transport vaccines that drove home
the role of technology in addressing critical needs. These pandemic-driven adaptations have
proved highly viable for long-term use, especially since growth in e-commerce and customer
demands for convenience continue to set the standard for the future of logistics.
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TABLE.2. PANDEMIC-DRIVEN INNOVATIONS IN LOGISTICS[3],[5],[10],[11]

tanovation Rate(y | Costsavings | DI | Long Term

(2020-2021) (%) Efficiency (%) | ¥ .20ility 0-5)
Contactless Delivery 72% 30% 25% 5
Flexible Warehousing 68% 20% 22% 5
Al-Based Route Optimization 81% 15% 35% 5
Drone Delivery 22% 40% 50% 4
Real-Time Tracking 88% 18% 30% 5
Micro-fulfillment Centers 65% 10% 25% 4
Autonomous Vehicles 14% 40% 40% 4
Blockchain for Transparency 58% 12% 18% 5
Crowd-sourced Deliveries 34% 18% 20% 3
Hybrid Delivery Models 52% 22% 28% 4
Smart Inventory Management 76% 25% 30% 5
Robotics in Warehousing 45% 35% 40% 5
Cloud-Based Logistics 82% 20% 25% 5
Temperature-Controlled Units 70% 15% 20% 4
Data Analytics for Demand 80°% 0% 30°% 5

Prediction
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The Table-2 presents logistics innovations that emerged in response to the COVID-19 pandemic,
evaluating their adoption rates, cost savings, impact on delivery efficiency, and long-term
viability. Innovations such as contactless delivery (72% adoption) and Al-based route
optimization (81%) significantly improved delivery efficiency and cost savings, making them
highly viable for long-term use. Flexible warehousing and cloud-based logistics also showed
strong adoption rates and long-term sustainability. Meanwhile, technologies like drone delivery
(22% adoption) and autonomous vehicles (14%) are still in the early stages, with potential for
growth in the future but facing challenges in widespread implementation. Overall, these
innovations are transforming logistics and are expected to have lasting effects on the industry.

. = s )
Determine research directions
Step 1 e impact of logistics on different fields, and how to take what
Preparation | easures to ensure the normal development of the industry in
he future.
iy
Search keywords and sift literature )
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9 and air transport”, "logistics and Covid-19 and emcrgency"y
~
g ™ A research framework from all prospective
2 R Y ystematically summarize the impact of covid-19 on the
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\ / esearch from multiple perspectives. P
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Fig.1. The impact of COVID- 19 on logistics and coping strategies[4]

Digitalization

Static —

2000 2005 2010 2015 2020
COVID-pandemic

Fig.2.The evolution of the three key concepts[1]
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Fig.2.Represents the understanding of three basic concepts —such as technology, society, and
economy —has been profoundly influenced by historical developments and innovations.
Technology developed from the early tools and machines to advanced digital systems that
revolutionized communication, healthcare, manufacturing, and nearly every other part of daily
life. Along with the development of technology, society changed and social structures, cultural
practices, and human interactions were altered. The rise of the internet and social media, for
instance, has dramatically altered the way people connect, share information, and interact with
the world. Running parallel to it, the economy has been transitioning from agrarian systems to
industrial and then digital economies, with globalization and automation playing a significant
role. The interrelation of these three concepts has created a dynamic feedback loop wherein
technological change drove societal alteration, which in turn shaped new economic models-a
self-reinforcing circle of mutual adaptation and modification.

— covu) 19

CUMAXTE ACTION & 4 PALUDICULTURE

Fig.3.Multi agency innovation hubs|[3]

Spatio-

temporal
analysis Medical waste
management

Geo-business

\T-/ COV"ID 19 \i HJ/
// Context-aware

_ recommendaiion

P"lru(.lp‘uory T — systems '
GI1S and VGI

Satellite

SL‘.ISS imagery
Web-based ,}\—-’/

Fig.4.GIS-Based Solutions for Managing and Controlling COVID-19 Pandemic Outbreak[6]

124



\) International Journal of Business Quantitative
7 | Economics and Applied Management Research

Volume-7, Issue-1, 2021 ISSN No: 2349-5677

Fig.4.Represnts Solutions based on GIS have been of crucial help in controlling and managing
the outbreak of the COVID-19 pandemic by availing real-time spatial data in the virus tracking.
This geographic information system basically helps authorities in mapping out and visualizing
the hotspots of infection, monitoring the movement of people, and deducing how effective
measures taken for containment have been. The integrated GIS tools combined a number of data
sources: test rates, hospital capacities, and patterns of mobility, to support a scientific basis for
decision making regarding resource allocations, enforcement of quarantine, and public health
responses. These solutions help identify future outbreaks and policy interventions, therefore
increasing effectiveness in pandemic management.

Case Study : Contactless Delivery Systems

Overview of Innovation: Amidst the pandemic, demand for contactless delivery solutions soared
in India, especially in e-commerce and food delivery services. This innovation was targeted at
reducing the spread of COVID-19 by minimizing physical interaction between delivery
personnel and customers.

Real-World Application: GrubHub, Doordash, Zomato and Swiggy

It introduced the feature of 'contactless delivery', in which the food delivery personnel were
instructed to leave packages at customers' doorsteps with no direct contact. Technology
Integration: Customers could track their delivery through the apps, get in touch with the
delivery agents through in-app chat, and state their preference for no contact during checkout.
Customer Experience: Contactless appointments proved most appealing to people sensitive to
safety and hygiene.

Long-term Feasibility: Even beyond the pandemic, customers continued demanding minimum
contact with physical delivery, and contactless delivery became an intrinsic element in the long-
term business models of food delivery companies. Such features have been inculcated by these
companies into their long-term roadmaps to enhance safety, operational costs, and consumer
trust.

Amazon Contactless Deliveries: It developed a number of touchless methods to deliver items,
such as allowing customers to choose one "Amazon Day" for delivery and "Leave at Door"
without personal contact. These ideas were instigated by COVID-19 but continue for the
satisfaction of future customers.

Customer Preference: The effectiveness of the contactless model has made Amazon contemplate
continuing the model as part of its post-pandemic operational model. It meets the expectations of

customers in terms of convenience and safety.

Long-Term Application: As online shopping increases post-pandemic, contactless delivery
remains a valuable service that reduces logistics friction and improves consumer experience.
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VI. CONCLUSION

The COVID-19 pandemic accelerated the pace of innovation within the logistics industry. The
pace helped come up with vital solutions such as contactless delivery, flexible warehousing, and
automation-driven systems. Such concepts have been designed with safety in mind: to handle
diverse demands with ease, and to ramp up demand for e-commerce and medical supplies
during the crisis. Of these many innovations, most businesses adapted to the challenges thrown
up by the pandemic and proved effective not only in mitigating immediate disruptions but also
in enhancing overall operational efficiency.The future of these innovations is equally promising.
Contactless delivery methods, even though born out of COVID, will continue offering
advantages in limiting human contact and improving safety. Therefore, they will be quite helpful
in a post-pandemic world.

In addition, flexible warehousing solutions that are powered by automation and real-time data
have a place in logistics strategies since they do enable companies to adapt more to market
fluctuations and customer demands. But for long-term sustainability, these innovations need
further optimization, integration, and scalability by the investing companies. Continuous
technological evolution, like Al, robotics, and IoT, will keep enabling these logistics providers
with enhancements toward the path of efficiency and cost-effectiveness. Fundamentally, the
pandemic may accelerate the adoption of these solutions, but for these to integrate well into the
logistics ecosystem, technology must keep pace with evolving changes, and flexibility in logistics
operations will have to be adopted for future success.

REFERENCES

1. Barua, Suborna, “Understanding Coronanomics: The Economic Implications of the
Coronavirus (COVID-19) Pandemic” (April 1, 2020). doi:10.2139/ssrn.3566477

2. Hwang, ES., Balch, C.M., Balch, G.C. et al.,“Surgical Oncologists and the COVID-19
Pandemic: Guiding Cancer Patients Effectively through Turbulence and Change”. Ann
Surg Oncol 27, 2600-2613 (2020). doi:10.1245/s10434-020-08673-6

3. Adbi, A., Chatterjee, C., Drev, M., & Mishra, A. (2019). “When the Big One Came: A
Natural Experiment on Demand Shock and Market Structure in India’s Influenza
Vaccine Markets”. Production and Operations Management, 28(4), 810-
832.d0i:10.1111/poms.12948

4. Hafiz, Hiba and Oei, Shu-Yi and Ring, Diane M. and Shnitser, Natalya, “Regulating in
Pandemic: Evaluating Economic and Financial Policy Responses to the Coronavirus
Crisis” (March 17, 2020). Boston College Law School Legal Studies Research Paper No.
527, March 2020, doi:10.2139/ssrn.3555980

5. Jackson, Howell Edmunds and Schwarcz, Steven L., “Pandemics and Systemic Financial
Risk” (April 19, 2020). Duke Law School Public Law & Legal Theory Series No. 2020-26,
doi:10.2139/ssrn.3580425

126



) International Journal of Business Quantitative
7 | Economics and Applied Management Research

Volume-7, Issue-1, 2021 ISSN No: 2349-5677

6.

10.

11.

12.

13.

14.

Ciuriak, Dan and Calvert, Philip, “Asian Trade and Supply Chain Linkages (December
2020)”. Chapter 27 in Victor V. Ramraj (ed.). Covid-19 in Asia: Law and Policy Contexts.
New York: Oxford University Press, December 2020. , doi:10.2139/ssrn.4004484
Spinuzzi, C. (2012). “Working Alone Together: Coworking as Emergent Collaborative
Activity”. Journal of Business and Technical Communication, 26(4), 399-441.
doi:10.1177/1050651912444070 Amanda Zimmerling, Xiongbiao Chen,

Innovation and possible long-term impact driven by COVID-19: Manufacturing,
personal protective equipment and digital technologies, Technology in Society, Volume
65,2021,101541,d0i:10.1016/j.techsoc.2021.101541.

Priyabrata Chowdhury, Sanjoy Kumar Paul, Shahriar Kaisar, Md. Abdul
Moktadir,” COVID-19 pandemic related supply chain studies: A systematic review,
Transportation Research Part E”: Logistics and Transportation Review, Volume
148,2021,102271,d0i:10.1016/j.tre.2021.102271.

Amgad S.D. Khaled, Nabil Mohamed Alabsy, Eissa A. Al-Homaidi and Abdulmalek
M.M. Saeed (2020). “The impact of the COVID-19 pandemic on retailer performance:
empirical evidence from India”. Innovative Marketing, 16(4), 129-138.
doi:10.21511/im.16(4).2020.11

Mykhailo Rutynskyi and Halyna Kushniruk (2020). “The impact of quarantine due to
COVID-19 pandemic on the tourism industry in Lviv (Ukraine)”. Problems and
Perspectives in Management, 18(2), 194-205. doi:10.21511/ppm.18(2).2020.17

Barua, Suborna, “The Impact of COVID-19 on Air Pollution”: Evidence from Global
Data (May 15, 2020). doi:10.2139/ssrn.3644198

Alameeri, K.A., Alshurideh, M.T., Al Kurdji, B. (2021). “The Effect of Covid-19 Pandemic
on Business Systems’ Innovation and Entrepreneurship and How to Cope with It: A
Theatrical View. In: Alshurideh, M., Hassanien, A.E., Masa’deh, R. (eds) The Effect of
Coronavirus Disease (COVID-19) on Business Intelligence. Studies in Systems, Decision
and Control”, vol 334. Springer, Cham. doi:10.1007/978-3-030-67151-8_16

Adolf Acquaye, Kuishuang Feng, Eunice Oppon, Said Salhi, Taofeeq Ibn-Mohammed,
Andrea Genovese, Klaus Hubacek,”Measuring the environmental sustainability
performance of global supply chains: A multi-regional input-output analysis for carbon,
sulphur oxide and water footprints”,Journal of Environmental Management,Volume
187,2017,Pages 571-585,/d0i:10.1016/j.jenvman.2016.10.059.

127



