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Abstract: Insecticide testing facilities that evaluate a variety of vector control products may generate
a large number of hazardous wastes from routine operations. These wastes originate from degraded
technical grade materials, sprayed substrates with Indoor Residual Spraying (IRS), and redundant
stock or working insecticidal solutions. The washing of Long-Lasting Insecticidal Nets (LLINs)
during preparation for laboratory and experimental hut trials also contribute to wastewater with
insecticide content. Human and environmental exposure to insecticidal waste can occur during
transport, categorization, storage, and disposal, resulting in environmental pollution and potential
health effects. Various national and international guidelines have been devised for safe disposal
and should be strictly followed to avoid adverse effects on humans or environment. To facilitate
proper insecticidal waste management, this paper outlines simple but safe practices derived from
international and national guidelines that can be adopted by other similar facilities. National and
international policies related to chemical management were reviewed and translated into Standard
Operating Procedures (SOPs), training pathways, and manuals. National Environmental Manage-
ment Council (NEMC) assessed the test facility and recommended disposal procedures. NEMC
recommendations were followed to construct the soak pits for liquid waste disposal while chemical
transporters and incinerators were contracted for solid waste disposal. An environmental expert
was contracted for environmental audit and annual monitoring. Studies and activities at the facility
were evaluated for their waste generation index. Safety manual and SOPs on risk assessment, waste
management and disposal, handling hazardous materials, health and safety procedures, and chemical
usage were written. At KCMUCo-PAMVERC, an annual average of 0.02 and 24.9 cubic meters of
liquid waste, which mainly includes a mixture of water, insecticides, and solvents, were generated
from laboratory experiments (phase I) and semi-field LLIN experiments (phase II), respectively, while
the IRS semi-field experiments generated an annual average of 88 L of liquid waste and 6.3 tons
of solid waste. An annual average of 0.18 cubic meters of liquid waste results from other sources,
including expired laboratory reagents. Well-translated national and international policies/regulations
may be adopted by insecticide test facilities for proper and effective waste disposal.
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1. Introduction

Malaria control and prevention relies on the use of insecticides in the form of treated
bed nets or residual spraying in households [1,2]. The problem of increased insecticide
resistance in vectors inspires innovation in alternative insecticides, which in turn inspires
innovation of assessment procedure until final registration for public health use [3]. During
this process, every stage of pesticide evaluation, from storage to use and equipment cleanup,
generates waste [4].

Despite deficiencies in the legislative and regulatory frameworks for public health
pesticides among WHO member states in countries with a high burden of vector-borne
diseases [5,6], there is a steady increase in pesticide importation and use in East Africa [6].
For example, in Tanzania, 2500 tons of agricultural and public health use pesticides were
imported in 2003 compared to only 500 tons in 2000, with 18% of total imported pesticides
dedicated for public health [6]. The number of pesticides imported in Tanzania in 2015 has
tripled the 2007 pesticide importation [7,8]. Exposure to insecticides and its wastes has
been shown to cause both adverse effects to human health [9] and the environment [10,11].
Prior to 1990, there was no systematic guidelines for disposal of insecticide-contaminated
wastes [4]. In the 1990s, the Commission on Agrochemicals and the Environment, later
renamed the Advisory Committee on Crop Protection Chemistry, within the Division
of Chemistry under the Environment of the International Union of Pure and Applied
Chemistry (IUPAC) initiated a critical analysis of strategies and methods for disposal
of pesticide-contaminated wastes [4,10]. Among the key objectives of this analysis was
to explain practicability of waste disposal technologies recommended for small waste
generators which could not afford sophisticated technologies. Most of the test facilities
that evaluate different vector control insecticidal products fall under the small waste
generators category.

Most of the procedures recommended for waste reduction, and disposal in the Food
and Agriculture Organization documents [12,13] and other researchers [4] are at large rec-
ommended by Tanzania’s National Environmental Management Council (NEMC) [14,15].
However, most facilities still lack the capacity to analyze and characterize wastes, e.g., by
gas or high-performance liquid chromatography (HPLC). A relatively cheap technique
for characterization, thin layer chromatography (TLC), which is considered suitable for
testing facilities in developing countries, still requires expensive purified organic solvents
that make the option prohibitive. As a result, the Kilimanjaro Christian Medical University
College-Pan African Malaria Vector Research Consortium (KCMUCo-PAMVERC) in Tanza-
nia has relied on NEMC inspection for waste characterization and disposal advice. The
NEMC is mandated under the Tanzanian Environmental Management Act (EMA) Cap.191
of 2004 to oversee environmental management issues and implements the resolutions of
the Stockholm declaration [16] at a national level. Relevant national legislation and Acts of
Government are also closely followed. This paper describes a case of insecticides testing
facility, KCMUCo-PAMVERC, in northern-eastern Tanzania where different technologies,
national, and international guidelines have been adopted.

2. Materials and Methods
2.1. Study Site

The site for this study was Moshi in Kilimanjaro Region, north-eastern Tanzania.
KCMUCo-PAMVERC is one of the test facilities in Tanzania that evaluates insecticides for
public health use [17]. It has its insecticide testing facilities at Moshi urban (Longuo B),
Pasua and Mabogini (Figure 1). It is the first African vector control test facility to achieve the
Organization for Economic Co-operation and Development principles of Good Laboratory
Practice (OECD-GLP) accreditation [18].
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Figure 1. A map of Tanzania indicating the KCMUCo-PAMVERC sites involved with insecticide testing.

2.2. Key Policies and Guidelines for Insecticidal Waste Management

KCMUCo-PAMVERC test facility, through its management and health and safety
committee, reviewed available national and international policies that provide guidance
in all aspects of pesticide handling, formulation, import and export, registration, and dis-
posal. The following Tanzania national policies/acts were reviewed include the National
Environmental Action Plan (NEAP) 2013-2018 [19], which advocates for strengthened
solid waste management system to manage degradation of environment as a result of
poor waste management; Environmental Management Act (EMA), 2004 [20], which gov-
erns measures for sustainable management of the environment, prevention and control
of pollution, waste management, regulation of compliance, impact and risk assessment,
and Environmental Impact Assessment requirements; Industrial and Consumer Chemicals
(Management and Control) Act, No. 3, 2003; which provides for the: control of production,
importation, exportation, transportation, storage of chemicals, and management of indus-
trial and consumer chemicals, including associated wastes; Land Use Planning Act No. 6,
2007, which requires waste disposal sites to be included in land use plans; Occupational
Health and Safety Act, 2003, which regulates the safety, health, and welfare of workers,
places of work, protection of persons, against hazards to health and safety arising out
of, or in connection with, activities of persons at work; Public Health Act, 2009, which
prohibits the discharge of oil, grease, ballast, waste, sewage, or any other polluting sub-
stance into the environment; Environmental Impact Assessment and Audit Regulations,
2005 and 2018 amendments, which emphasizes on environmental audits and monitoring;
Environmental Management (Air Quality Standards) Regulations, 2007, which empowers



Environments 2022, 9, 65 40f12

NEMC to issue air pollutant emission permits, enforce compliance, undertake emergency
prevention, and issue stop orders; Environmental Management (Hazardous Waste Control
and Management) Regulations, 2009, which details the requirements and responsibilities
for controlling and managing hazardous waste in Tanzania; Environmental Management
(Soil Quality Standards) Regulations, 2007, which details hazardous waste management,
registration, and discharge permit for polluting activities; Environmental Management
(Solid Waste) Regulations, 2009, which detail the requirements and responsibilities for
managing solid waste in Tanzania; Tropical Pesticides Research Institute Act No. 18, 1979,
the Pesticides Control Regulations (1984), Plant Protection Act (1997), and Plant Protection
Regulation (1999).

Tanzania abides to several internationalregulations of which the following were re-
viewed; Montreal Protocol for the Protection of the Ozone Layer 1993 [21], Basel Convention
on the Control of Transboundary Movements of Hazardous, Wastes and their Disposal,
1993,Bamako Convention on the Ban of the Import into Africa and the Control of Trans-
boundary Movement and Management of Hazardous Wastes within Africa, 1993 [22,23],
Convention Concerning Safety in the Use of Chemicals at Work (ILO convention 170),
1999, Rotterdam Convention on the Prior Informed Consent Procedure for Certain Haz-
ardous, Chemicals and Pesticides in International Trade, 2002 and Stockholm Convention
on Persistent Organic Pollutants, 2004.

Tanzania is also committed to the Strategic Approach to International Chemicals
Management (SAICM 2006) to achieve sound chemicals management.

These policies were then translated and converted to facility’s Standard Operating
Procedures (SOPs) on risk assessment, handling hazardous materials, health and safety
procedures, chemical usage, and waste management and disposal.

2.3. Training and Internal Guidelines

The facility identified appropriate mandatory training including chemical handling
for the Health and Safety Committee members and department members who are involved
with handling of chemicals (Figure 2). The trainings are offered by the Tanzania Occupa-
tional Safety and Health Authority and Tanzania Plant Health and Pesticides Authority.

H&S Officer

) External Mandatory Training
Requires: H&S block 1 competence

Risk assessment course

H&S Committee Member
Requires: Base blocks 1-3

Health & Safety Manual; Risk assessment; Committee
Meetings; Respirator fit test

BASE BLOCK 1-3 Incidents; Inventory control; Health & Safety; Security; Work
environment; PPE; Waste Management; Hazardous material

INDUCTION Key policies; Administrative procedures; Introductions and
tours; Position information; Computer policies; Confidential

Figure 2. Training pathway for the Health and Safety committee members at KCMUCo-PAMVERC.

Similarly, all staff who handle chemicals undergo mandatory training that covers
training in safe use and disposal of chemicals. Additionally, specific waste disposal SOPs,
safety manual, as well as simplified guidelines for internal use have been generated for
proper management of facility wastes. The test facility staff have been trained and assessed
annually for their competence.
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2.4. Procedures for Insecticidal Waste Management
2.4.1. Facility Inspection by National Authority

To comply with national requirements, the KCMUCo-PAMVERC test facility consulted
the NEMC for chemical waste inspection and guidance on the management and disposal
of its obsolete pesticides, pesticide-contaminated wastes, and other chemical reagents at its
premises. This is in line with the OECD-GLP document [24], which encourages facilities to
comply with national requirements for the disposal of chemicals and biological products.
The NEMC assessment was based on the type, quality, and quantities of pesticides eligible
for disposal. The storage conditions, packaging materials, and labels were also assessed.
Furthermore, other pertinent information on disposal recommendations was reviewed.

2.4.2. Identifying Waste Generation Points and Developing a Management Plan

After the inspection, NEMC-CMAC suggested the use of standardized incinerators
for the disposal of solid chemical wastes and waste pit for the hazardous liquid chemical
waste. NEMC provided the test facility with a blueprint for waste pit construction. From
the NEMC inspection report and blueprint, KCMUCo-PAMVERC has been able to identify
all sources that generate waste and has drawn a waste management plan, as indicated

in Figure 3.
TEST FACILITY
-------- SN et et Srr—— s [ ——— ———————
| ’ )
| Spraying Chemical Test Rooms Insectary IRS Block Animal House Experimental Huts Net Store
: Room Store store room
| gl Sy SN ] sy sy—————— ey —————— n——————
: Stock Expired Used PPEs, Used PPEs, Expire sprayed Animal wastes, Wall chippings Waste from
: /Working insecticides, cleaning material | cleaning material |substances used PPEs, contaminated with Net washing
|| solutions, vehicles, agents, |contaminated contaminated chemicals IRS formulation .
I used 'PPE, contaminated PPE|with chemicals with chemicals contaminated Expired LLINS
: Pipette tips materials

Incinerating company send report after
completing incineration to the test facility

A4

Test Facility Send Information

Personal Protective Equipment, 2National Environmental management, Tanzania
Figure 3. Test facility waste management pathway.

2.4.3. Categorization of Wastes Generated

Depending on the type of waste, different disposal procedures apply. At the KCMUCo-
PAMVERC test facility, wastes have been categorized into hazardous and non-hazardous
(normal) waste. Hazardous wastes have been further categorized into liquid and solid
hazardous waste (Figure 2). The liquid waste includes obsolete technical grade insectici-
dal formulations, novel insecticide formulations, vehicles (solvents), reagents, cleaning
solutions (10% bleach and 70% ethanol), water from net washing, insecticide residue from
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compressional spray tanks, waste solutions from cleaning the Potter Spray Tower (Burkard
Scientific, Uxbridge, UK), used for spraying 10 cm diameter blocks of various materials.

The solid hazardous wastes include technical grade insecticides, novel insecticide for-
mulations, insecticide-treated test papers, insecticide-treated substrates, insecticide-treated
wall chippings from indoor residual spraying hut trials, insecticide-sprayed materials
such as plastic sheets and hessian, LLINs and dipped nets (whole nets and net pieces),
insecticide-contaminated consumables (including expired /used Personal Protective Equip-
ment, metallic spare parts of spraying equipment), and sharps. Non-hazardous wastes
from insectaries, laboratories, offices, and field stations are collected and incinerated in our
locally built incinerator. They include obsolete non-chemical materials.

2.4.4. Waste Packaging and Containment

Various containment measures have been established to prevent hazardous waste
leaking into the environment or human exposures. Apart from environmental risk assess-
ment of the hazardous waste pits, which is recommended by NEMC-CMAC, solid waste
is stored in intact and leak-proof containers within a restricted entry enclosure protected
from rain. These enclosures have been reinforced with wire mesh to prevent small reptiles
from reaching the enclosure.

Wall chippings are packed into special bags (with 2 bags—outer polypropylene bag
and inner multi-layered hermetic bag) and labelled with insecticide name, concentra-
tion, technician name, and date of collection and transportation to the temporary stor-
age site situated at Harusini field site in Lower Moshi until the scheduled date of trans-
portation to disposal. Special cabinets, Armorgard FlamStor Cabinet™ (Armorgard Ltd,
Hampshire, UK), are used for keeping hazardous substances safe, organized, and accessible
with the specially designed flameproof vents to prevent build-up of fumes.

2.4.5. Implementation of Solid and Liquid Hazardous Chemical Wastes Disposal

KCMUCo-PAMVERC insecticide testing facility identified and contracted an indepen-
dent company for incinerating the hazardous solid waste. The incineration temperature
is high enough to burn insecticides into smoke-nil combustion gases that are similar to
those generated by wood burning [4]. Insecticide incineration at lower temperatures is
not recommended, as it tends to produce toxic intermediate products [25]. To be able to
transport the chemical wastes, a NEMC registered transporting company was contracted
that meets all requirements for transporting hazardous materials [26]. As for the hazardous
liquid chemical waste disposal, the facility contracted a construction company to build the
waste pit for liquid waste disposal based on the NEMC blueprint (Figures 4 and 5). The
structure presents a mechanism similar to that used for carbon-adsorption treatment of
pesticides containing wastewater [27].

The non-hazardous waste is collected routinely and incinerated in a local constructed in-
cinerator (Figure 6). The design of this incinerator followed structure defined by Omorogie [28],
this design is preferable to open air burning, and it provide good efficiency for non-toxic
solid wastes generated at the offices and insectaries such as papers, empty boxes, and
guinea pig-used hay beddings.
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Figure 4. Hazardous waste pit schematic blueprint provided by NEMC. A, C, D, E, G, and J are
measurements in meters.

S

Figure 5. A picture of constructed waste pit at KCMUCo-PAMVERC, Tanzania.
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Figure 6. A locally constructed incinerator at KCMUCo-PAMVERC.

2.4.6. Internal and External Monitoring for Waste Management

The facility established the Health and Safety Committee to oversee operations. The
committee provides training on laboratory safety rules, organizes annual waste disposal,
reports and responds to non-conformance incidents, and any accidents and emergencies.
It also performs the quarterly and annual risk assessments for study-related procedures
and routine facility operations. The facility has also contracted an environmental expert for
annual monitoring of the waste disposal procedures.

2.5. Analysis of Waste Generation Index

Waste disposal records from 2018 to 2021 were summarized and analyzed to determine
waste contribution of LLINs and IRS as main product evaluation studies (Table 1).

Table 1. Insecticidal waste generated per year from 2018 to 2021 at KCMUCo-PAMVERC.

Liquid Waste in Cubic . . o
Source of Waste Meters (95% CI) Solid Waste in Tonnes (95% CI)
Phase I and II IRS 0.088 (0.069-0.106) 6.3 (1.4-11.2)
Phase I LLIN 0.020 (0-0.058) 0
Phase II LLIN 24.857 (14.720-34.994) 0
Other sources * 0.117 (0.110-0.125) 0

* Expired laboratory reagents, insecticide-contaminated water from washing the Potter tower and laboratory
re-usable such as Wheaton bottles, expired stock, and working insecticidal solutions.

3. Results

From the review of policies, the KCMUCo0-PAMVERC test facility has been able to
generate the following documents for proper waste disposal:
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i.  Safety manual
ii.  Standard Operating Procedures (SOPs) on risk assessment, waste management and dis-
posal, handling hazardous materials, health and safety procedures, and chemical usage.

The following table (Table 1) summarizes the amount of chemical waste (both liquid
and solid) that was generated by the test facility from 2018 to 2021, while Table 2 indicates
typical wastes from each activity. Most of the waste was generated by Phase II studies
through washing of LLINSs (liquid waste) and cement plaster wall chippings from experi-
mental huts (solid waste). WHO Phase I and 1I studies are insecticide testing required by
WHO [29,30] to meet their pesticide efficacy criteria in the laboratory (I) and in controlled
simulated household trials (experimental huts) of IRS and LLINs (II). The washing of a
single net 20 times, as required by WHO, creates 0.6 cubic meters of low-level insecticide
contaminated wastewater.

Table 2. Typical insecticidal wastes from various activities.

Study Phase Typical Liquid Waste Typical Solid Waste
Phase I TRS Water from washing of potter Expired insecticide-treated
spraying tower substrates (blocks)
Phase I IRS Water from washing of Sand chippings from treated
compression sprayers experimental hut walls
Water from washing of LLINs .
Phase I LLINs pieces, washing of . . ExplrEd LLINs and .
insecticide-treated blanket pieces insecticide-treated blankets pieces
Water from washing of whole .
Phase IT LLIN's LLINs, washing of whole _ Expired LLINs and
insecticide-treated blankets insecticide-treated blankets
Expired laboratory reagents,
insecticide-contaminated water
from washing the Potter tower
Others

and laboratory re-usable such as
Wheaton bottles, expired stock,
and working insecticidal solutions

4. Discussion

Substantial amounts of insecticidal wastes can be generated by any insecticide testing
facility. The annual waste records in this test facility indicate up to 6.3 tonnes of insecticidal
solid waste and approximately 25 cubic meters of low-level insecticide contaminated
water were generated. Such a considerable high amount requires proper handling and
disposal guided by national and international policies. In many African countries, including
Tanzania, there are various policies and regulations about disposal of such pesticides.
Although such policies and regulations are in place, its implementation is rather weak,
mostly due to heavy investments that are beyond the financial resources available in these
counties, and lack of awareness, which leads to poor management of pesticide waste.
Lack of concern, motivation, awareness, and high costs are some of the problems that
may impact upon good waste management [31,32]. High costs related to waste package,
transportation, and incineration are experienced. Waste coming from experimental huts
chippings requires a large number (>300) of special double layer bags per one site, the cost
of each bag being approximately 5 dollars, while waste transportation and incineration
costs are approximately 810 dollars per ton. However, transport cost is directly related to
waste bulkiness and distance from the collection point to the incineration point. This type
of challenge in Africa is too large and has triggered the Food and Agriculture Organization
to request major chemical industries to collaborate in the clean-up and disposal of obsolete
pesticides [25].

Despite those challenges, the insecticide test facilities (ITF) can easily adopt and
comply to the national and international guidelines, policies, and regulations for proper
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insecticide waste disposal. To make this possible, insecticide testing facilities should
follow the Principles of Good Laboratory Practice (GLP), which this site has done and
achieved. The new classes of insecticides or formulations require a separate inspection and
guidance from national authorities. The new paradigm of vector control, based on the use
of insecticide mixtures, presents new challenges in determining effective disposal (4).

The findings and their implications should be discussed in the broadest context
possible. This document describes what this ITF has done to acquire GLP status and,
within this context, has improved containment and disposal contaminated waste in the
hope that other facilities will follow suite and also achieve this status. It is not perfect, but
it is a start, and other institutions and facilities, on reading this document, may improve
on our limited achievements. The government should advocate more environmentally
friendly insecticide waste disposal, such as combining incineration with energy recovery
technology to offset fossil fuel usage and the associated CO, emissions or build capacity for
biodegradation of insecticidal waste [33,34]. Since insecticides are classified as hazardous
waste, they must be disposed of correctly by a licensed service provider.

5. Conclusions

Simple, safe, and effective management of insecticidal waste is not only a legal ne-
cessity but also a social responsibility to ensure human and environment health are not
negatively affected. This paper outlined simple but safe practices derived from international
and national guidelines that can be adopted by other similar facilities.

Thorough inspections of waste generation and management caused by insecticidal
testing facilities are paramount.

Facilities must make a concerted effort to ensure that the obsolete and /or unwanted
pesticides are properly managed. This includes collection, segregation, containment, trans-
port, risk assessment, and disposal. Judicious and minimal procurement and use of insec-
ticides means less waste generated, less cost for disposal, a safer working environment,
and more efficient waste disposal systems. To ensure sustainability, facilities should intro-
duce and apply practices which reduce costs related to waste management and disposal,
but not at the expense of human population safety and the environment, which are of
paramount importance.
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Abbreviations

EMA Environmental Management Act

GLP Good Laboratory Practice

HPLC High Performance Liquid Chromatography

IRS Indoor Residual Spraying

KCMUCo  Kilimanjaro nChristian Medical Universtity College
LLINs Long Lasting Insecticidal nets

NEAP National Environmental Action Plan

NEMC National Environmental Management Council
PAMVERC Pan African Malaria Vector Research Consortium
SOPs Standard Operating Procedures

WHO World Health Organization
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