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Executive Summary 

 

On December 29th 2008, a laboratory accident claimed the life of Sheri Shangji, a lab assistant 

working at the University of California, Los Angeles. During an experiment, Sheri used a syringe 

to transfer tert-butyllithium (T-BuLi); a substance that ignites spontaneously in air. Due to 

improper use of equipment and inadequate training, the syringe plunger was expelled from the 

barrel. This caused the chemical as well as Sheri’s clothes to ignite. 

 

The client, Dr. Michael Grossman of the Toronto Worker’s Health and Safety Legal Clinic, has 

asked our team to design a safer transfer method for flammable chemicals. To successfully 

reduce the number of similar laboratory accidents, the design must be able to perform the 

following key functions: 

● Safely contain chemicals. 

● Safely transfer chemicals. 

● Prevent sample loss. 

There are essential requirements for the design, including: 

● Must not unintentionally expel or release chemicals. 

● Must not react with chemicals. 

● Must follow laboratory health and safety standards. 

 

These key functions and requirements emphasize the designs need for safety. Meeting with the 

client has also made the team better understand the scope of the project and its requirements.  

The most important design considerations include intuitiveness, ease of use, pressure 

resistance, and impact resistance. Using this information, the team generated 5 different 

solutions. 

 

Ultimately, the “Gastight Syringe” was chosen for our final proposed design. This document 

provides a complete description of the proposed “Gastight Syringe”, and explains why this 

design is the best solution to the client’s original problem; safe transfer of hazardous chemicals. 

The Gastight Syringe incorporates many safety features such as a valve for intake, rear stops (to 

ensure that the plunger cannot be removed from the barrel), and safety instructions. This 

ensures that hazardous chemicals are always contained within the design, keeping the user safe 

and unexposed. The focus on intuitiveness and ease of use will minimize the chance of the 

design being used improperly, and decrease the chance of similar accidents from occurring in 

the future. 
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1.0 Project Requirements  

 

Our client Dr. Michael Grossman is a volunteer criminal defense lawyer at the Toronto Worker’s 

Health and Safety Legal Clinic. His main interest is workplace safety. He is seeking a better 

design for transferring flammable chemicals in order to reduce the safety risks and frequency of 

accidents in laboratory work. 

 

1.1 Problem Statement 

 

In a laboratory safety study conducted in 2012, 30% of researchers were aware of at least one   

major injury that required medical attention [1], and 18% said they sustained chemical or 

thermal burns [2]. During laboratory experiments, dangerous chemicals are handled in fume 

hoods and transferred with plastic and glass syringes [3]. In case of equipment failure or 

incorrect handling of equipment, lethal accidents may occur as chemicals become exposed. In 

2008, a research assistant named Sheri Sangji died from burn injuries in a laboratory accident. 

The investigation into the accident found that Sheri Sangji pulled out the plunger of a syringe 

too far while transferring T-Buli which caused her clothes to catch on fire [4]. The investigation 

also concluded that she did not receive proper training. [4] 

 

This accident, like many others, occurred because chemicals were not being handled safely 

enough. A new design is needed to prevent chemical spillage during experiments, ensuring that 

they are not accidentally released and exposed to workers. 

 

North American university laboratories specifically need a design that is able to safely contain 

hazardous and flammable liquid chemicals used in laboratory experiments [3][4][99].  The 

design must not react with the substances it contains in order to not alter experiment results, 

and it should be easy to operate for workers or students with a sufficient level of training in 

laboratory procedure.  
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1.2 Identification of Stakeholders 

 

This section identifies the interests of numerous third parties and the potential impact they will 

have on the design. 

 

Table 1: Description of Stakeholders 

Name  Concerns/ Interests Impact on Functions, Objectives & 

Constraints 

Campus based chemical 

labs 

e.g. UCLA Molecular 

Instrumentation Lab [5].  

Welfare of staff and 

students by creating a safe 

lab environment [6]. 

 

 

Primary Function:  

● contains mass 

constraints: 

● must include proper 

instructions and labels 

Other lab workers 

e.g. professors, 

maintenance staff, lab 

supervisor, lab safety 

officer [7]. 

Safety of lab workers, 

maintaining a safe working 

environment [8]. 

Primary Function: 

● contains mass 

Objectives: 

● user friendly  

● impact resistant 

Constraints: 

● proper instructions and 

labels  

Occupational Health and 

Safety Officer (see 

appendix A) 

Implementing safety in 

workplace [9]. 

Primary Function: 

● contains mass 

Constraints: 

● proper instructions and label  

American Chemical 

Society, Division of 

Chemical Health and 

Safety 

Informing members about 

proper lab safety and 

chemical practices [10]. 

 

Primary Function: 

● contains mass 

Constraints: 

● proper instructions and label  

Campus Safety Health 

and Environmental 

Management 

Association. 

Improve campus-based 

Health and Safety 

procedures [11].  

Primary Function: 

● contains mass 

Constraints: 

● proper instructions and label  
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1.3 Functions 

 

Unintended functions may arise from improper device use.  

 

1.3.1 Functional Basis 

The basic functionality of this design is to contain mass. 

 

1.3.2 Primary Functions  

● Store chemicals 

● Safely transfer chemicals 

● Inform users about proper device use. 

 

1.3.3 Secondary Function 

● No chemical loss during transfer and storage [12] 

● Intake substance 

● Dispense substance 

 

1.3.4 Unintended Functions 

● Human “in vivo use”(any biological or medical experimental work)[13] 

● Use with biological fluids such as blood samples or bacteria samples etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Engineering Strategies and Practice                                                                                                                                                                       

Page 4 
 

1.4 Objectives 

 

The following objectives are ordered from most to least important, which is explained in 

Appendix B. 

 

 Table 2: Objectives of Design 

Objective Goal, Metric, Brief Explanation 

Intuitive / Ease of Use 

 

To prevent improper and unsafe use, design should be intuitive 

and easy to use for laboratory workers who have limited training. 

● Should score higher than 68 on the System Usability Scale 

(SUS). [22]  

Pressure Resistance To prevent hazardous chemicals from escaping, design should not 

release its contents when it has a large positive internal pressure. 

● Should withstand an internal pressure of 250 psi.[12,15,16] 

Impact Resistance Laboratory workers can accidentally drop items when working. To 

prevent chemicals from escaping a damaged design, design should 

not release its contents when dropped. 

● Should withstand a fall of 2.00m. [14] 

Safe Volume Capacity Design should be able to store approximately same amount of 

substance as currently available equipment. Design should also 

safely contain chemicals by only storing small amounts. 

● Should store between 5-20 mL of substance. [15-21] 

Cost Effectiveness Design should be affordable for laboratories, price per unit should 

be comparable to currently available equipment. 

● Price of single unit should cost less than approximately 

$200.00 [18,19] 

 

 

 

 

 

 

 

 

 

 



Engineering Strategies and Practice                                                                                                                                                                       

Page 5 
 

1.5 Constraints 

 

This section defines criteria that the design must meet. 

 

● Chemicals must not expel from design (Appendix D). 

● Must be made out of non-corrosive and chemically inert material (Appendix E). 

● Must include labels and instructions that is language independent and universally 

understandable [35]. 

● Must be “Gas tight”, impermeable to air and moisture (Appendix E). 

● Must follow laboratory health and safety standard BS OHSAS 18001 [23, 24].  

● Must meet ISO 9001:2008 quality standards [25]. 

1.6 Service Environment 

Design will transfer and store chemicals in North American Campus based laboratories. 

 

1.6.1 Physical Environment 

● Chemicals: 

○ Temperature: -78℃[26] to 20℃[27] 

○ Nitrites, Methanol, Hydrochloric acid etc.[30] 

● Laboratory: (Appendix C) 

○ Average Temperature: 23 ± 0.5°C [28] 

○ Noise level< 45dB.[28] 

○ Humidity: 50 ± 5 % [28] 

○ Safety equipment: protective Clothing[31], self-closing fire doors: 

■ Provide important emergency information to emergency personnel. [29] 

 

1.6.2 Living Things 

● Staff: Must have pre-employment medical examination[31]  

● Lab assistants: One for each laboratory, need certificate or associate's degree in clinical 

laboratory science [32] 

 

1.6.3 Virtual Environment 

● Electricity: Electrical circuits can provide up to 20,000 mA of current flow .[33] 

● Wi-Fi, radiation, cell phone signals. 
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1.7 Client Ethics and Values 

 

Through his career in law, Dr. Grossman has come to believe that worker’s health is a very 

important issue in our society. That is why he dedicates his free time volunteering for the 

Toronto Worker’s Health & Safety Legal Clinic [35]. The clinic helps low income workers such as 

migrant farm workers in rural Ontario by educating them on their rights and safety in the 

workplace [34, 35]. After learning about the 2008 UCLA lab accident, Dr. Grossman is extremely 

concerned about the safety of lab workers. He believes there should be a safer way to transfer 

dangerous flammable chemicals [34, 35]. As a result, the largest focus of the project will be 

ensuring the safety of lab workers. 
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2.0 Detailed Design 

 

The Gastight Syringe (Figure 2) is a chemical transfer device for use in experiments in North 

American laboratories. The design incorporates features that makes it safe and easy to use for 

experiments involving hazardous chemicals, and was created by adding features to existing 

syringes (Figure 1). The design’s main functionality is to contain mass, and withdraw and 

dispense chemicals without any chemical loss.  

 

The design meets all constraints: it is impermeable to air and moisture due to a tight seal, the 

materials used are corrosion resistant, and all health and safety guidelines are met. The design 

also best meets all objectives; especially ease of use, pressure resistance, and impact 

resistance.  

 

The syringe’s barrel is made of high pressure, impact resistant, durable, and inert borosilicate 

glass [36] that can withstand up to 250 psi of internal pressure [37] and a 2 meter drop test 

[14]. To ensure the safety of the user and prevent syringe damage, the glass barrel is covered 

with a PVC sleeve; protecting against chemical spillage [83]. It also has an easy to read scale on 

the frosted glass section of the barrel [36].  

 

The design is intuitive because it has a simple operation push button Mininert valve. It is also 

similar to existing equipment and so will be familiar to lab workers. Furthermore, the design 

minimizes human error with an irremovable plunger. The rear plunger stop prevents accidental 

plunger pull out when in use. 

 

In addition to these features, the syringe comes with safety instructions shown in flowchart 1 

and labels that warn the user of hazards associated with flammable chemical experiments. 
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Figure 1 shows the Socorex DosysTM 170 Series syringe that is used in the final design, with 

features such as the pistol grip for easier handling and protective sleeve for barrel protection. 

 

Figure 1: Socorex DosysTM 170 Series [41] 

 
 

Additional components include a removable needle, and the simple operation Mininert valve 

(Appendix F) to control the flow of chemicals from the syringe and prevent leakages. 
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Figure 2 shows a labelled sketch of outside view of the Gastight Syringe. It includes all features 

and dimensions of major components. 

 

Figure 2: Diagram of Gastight Syringe 
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Design for Safety  

 

Safety is a very important aspect to consider. It is vital for all users to understand the operating 

instructions and to be adequately prepared to use and handle the device properly (Figure 3) 

after reviewing the training procedures associated with working with pyrophoric chemicals. The 

labels, requirements, and guidelines should be followed strictly to minimize the risk of any 

accidents occurring. 

 

Training Requirements (Appendix F) 

Safety training is an essential part of proper design use to prevent misuse. “Under the 

Occupational Health and Safety Act, all members (faculty, staff, and students) of the 

department must participate in comprehensive safety training before they begin work” [51]. 

 

Warning Signs (Appendix F) 

In addition to the components of the syringe for safety there are warning labels that come with 

the syringe to warn the user of the flammable chemicals, reminding them to wear appropriate 

protective clothing and encourage good working practices. 

 

Operating Instructions (Appendix F) 

Figure 3 shows how to hold the pistol grip handle and how to use the feed tubing to withdraw 

chemicals. Flow Chart 1 shows the operating instructions for transferring pyrophoric chemicals.  

 

Figure 3: Holding the Gastight Syringe [44] 
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Flowchart 1: Handling of Pyrophoric Substances using Gastight Syringe 
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Specifications (Appendix F) 

 

Table 3: Specifications of parts of Gastight Syringe from Figure 2. 

Component/Property Specification Notes 

Plunger tip Stainless steel Corrosion resistant 

Barrel Borosilicate glass 

Outer diameter:27.1mm[38] 
Inner diameter:23.0mm 

Length: 145.5mm 

Density: 2.36 g/cm3[40] 

Corrosion and shock resistant barrel 
with flat edges to prevent the 
syringe from rolling over[36] 
 

Mininert Syringe 
valve[37] 

PTFE Withstands up to 250 psi[37] 
Works up to a temperature of 105oF  
Simple operation: Push button [43] 

Luer tip connector [48] Polypropylene[39] Prevents chemical leakage 

Feed tubing Silicone 

Length: 1 m 

To dispense substances to vessels at 
a distance from the syringe 

Reinforced Plunger Stainless steel Prevents the plunger from bending 

Pistol grip handles Polycarbonate For optimum hand balance and 
ergonomics[44] 

Removable stainless 
steel needle 

Length: 51mm  
Sharp, bevelled, curved non-
coring[98] 
Inner diameter: 0.41 mm 

Outer diameter: 0.72mm[38] 

Smooth bore to minimize resistance 
to flow of fluid.  

Accuracy and 
Reproducibility 

+/-1%[47] Passes quality standards for volume 
conformance and 
accuracy(ISO9001:2008)[45] 

Protective Sleeve PVC Protects glass barrel against impact 

Positive Rear Plunger 
Stop 

Polycarbonate Prevents plunger blowout at 
elevated pressure[46] 
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2.1. Regulations, Standards, and Intellectual Property  

 

This section lists and describes regulations, standards as well as patents in place for the design 

within the scope of North America. 

 

Table 4: Patents, regulations and codes for the design  

Patent, Regulation 
or Code 

Descriptions Effect on Design 

ISO 9626:1991[49] Stainless steel needle tubing for 
chemical transfer: 

● “Normal- and thin-walled 
tubing of designated metric 
sizes 3.4 mm to 0.3 mm” 

● “Extra-thin-walled tubing of 
designated metric sizes 2.1 
mm to 0.6 mm.” 

The dimension of needle part 
must satisfy the standard in 
order to be used in the 
device. 

United States 
Department of 
Labour - General 
requirements [50] 

Chapter 1910.132: 
The general requirements for people 
going into laboratories: 

● Protective equipment must be 
worn and be of safe design 
and construction for the 
experiment to be performed 

Training must include use of 
personal protective 
equipment’s. 
 

Occupational Health 
and Safety Act 
[53][54] [55] 

Workplace Hazardous Materials 
Information System:  

● Worker has the right to know 
the risks/hazards associated 
with materials he/she will 
work with 

Supervisor’s Responsibility: 
● must be knowledgeable on 

the risks/hazards of the work 
being performed 

● must ensure that hazardous 
materials have proper 
labelling/instructions 

 

● Training must include 
information on chemicals 
so that users are aware 
of hazards associated 
with them. 

● Lab managers must have 
prior knowledge on 
hazardous chemicals and 
undergo training in order 
to permit usage of 
device. 

● Lab managers must 
ensure all hazardous 
chemicals are properly 
labelled before use. 

https://www.osha.gov/pls/oshaweb/owalink.query_links?src_doc_type=STANDARDS&src_unique_file=1910_0132&src_anchor_name=1910.132(a)
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The Dosys TM 
syringes[41] [44] 

This present invention has grip 
handles which have optimum hand 
balance and ergonomics 

Will be charged for licensing 
fee. 

Gastight Syringe, 

Model 1025 TLL SYR 

[38] 

This present invention is made out of 
corrosive resistant borosilicate glass 
and shock resistant tempered glass 
with PVC sleeves 

Might be charged for 
licensing fee. 

Mininert® Valves 

[56] 
 

This present invention is for 

controlling the flow of chemicals from 

the syringe and prevent any leakages. 

Will be charged for licensing 
fee. 

Bevelled curved 

non-coring needle 
[98] 

This invention has a smooth bore to 

minimize resistance to flow of fluid. 

Will be charged for licensing 
fee. 

 

Policies and Standard sin place in the University Level: 

In this section we are benchmarking University of Toronto’s policies and standards for research 

and use of hazardous substances in laboratories.  

 

Table 5: Regulations and standards in University of Toronto 

Regulations and 
Standards 

Description Effect on Design 

Research 
Administration 
Policy [57] 

Lists and describes different roles and 
responsibilities of staff and supervisors in a 
research facility.  
● Laboratory Worker: 
anyone who is working in the laboratory  
● Laboratory Supervisor:  
Also known as “Lab Manager”, someone in 
charge of the lab and oversees all 
research.  

● The lab manager must 
take initiative to make 
sure all staff undergoes 
training  

● The user must inform 
lab manager before 
using the device  

Laboratory Safety 
Program[58] 
 

Section 6.0: Personal Protective Equipment 
(6.1) Protective Clothing[59] 
(6.4) Eye and Face Protection[60] 
Section 10.0: Emergency Procedures 

● Training must include 
emergency safety, use 
of personal protective 
and safety equipment. 
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● All staff must be able to handle 
emergency situations involving fire 
and spillage. 

Section 13.0: Program Audits 

● University’s Environmental Health and 
Safety department will audit 
laboratory equipment and training 
records in a periodic basis 

● All staff must go 
through the training in 
order to work with 
hazardous chemicals. 

● The design must pass 
the program audit for 
lab equipment.  

 

2.2. Testing  

The design is tested against the three most important objectives: ease of use, pressure 

resistance and impact resistance. 

 

Table 6: Tests performed for the most important objectives 

Objective Importance Test Metric (Pass) 

Intuitive/ 

Ease of Use 

 

Be useable by 

workers with little 

training. 

System Usability Scale (SUS), a test 

for measuring the usability of a 

product [61]. Can also test by 

letting different people (lab 

workers, etc.) use it and asking 

them for feedback.  

Above 68 on SUS 

test. [22] 

70%+ of people 

surveyed answer 

that the design is 

intuitive/easy to 

use. 

Pressure 

Resistance 

Equipment must 

withstand high 

pressure to prevent 

equipment failure. 

Standard for “small containers for 

liquids and their closures” (ISO 

7458:2004)[62]: 

Test for pressure resistance of glass 

containers. The test consists of 

applying uniform and increasing 

pressure on the glass for a certain 

period of time until the glass 

breaks 

Breaking point for 

both tests is above 

250 psi. 

Impact 

Resistance 

Design should resist 

impacts as breaking 

could lead to 

chemical exposure.  

Drop test (ASTM D5276-

98(2009)[63]: Design is dropped 

from certain height to test impact 

resistance  

Design doesn’t 

break from 2m fall. 
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2.3. Implementation Requirements  

 

This section lists the steps the client needs to take in order to implement the design. 

 

Step 1: Laboratories are required to purchase the proposed Socorex DosysTM 170 Series  

             Syringe, Mininert valve and the removable stainless steel needle (Total cost $190-$200).  

Step 2: Assemble the Mininert® Valve and needle to the syringe.  

Step 3: The laboratory should hire a professional with acute knowledge of safety procedures     

             and handling of hazardous chemicals. 

Step 4: Train all new and old staff in the laboratories including supervisors, lab managers who  

            are/will be working with hazardous chemicals. 

Step 5: Arrange a schedule for "buddy system" so that at least one staff member is with the  

            user during the experiment. 

 

2.4. Life Cycle and Environmental Impact  

 

There are four critical processes in the life cycle of gastight syringe: production, packaging, 

using, and recycling. Majority of pollutants are raised from the first step because the product is 

mainly made by glass. The best way to mitigate the negative impact is to recycle the waste and 

make new products. 

Figure 4: Life cycle diagram of Gastight Syringe  

                                           
Table 7: Associated negative impacts and their mitigation methods 



Engineering Strategies and Practice                                                                                                                                                                       

Page 17 
 

Life stages  Negative impact  Mitigation  

Manufacture of 
stainless steel. 

Stainless steel is not 100% 
recycled, 40% of used 
stainless steel cannot reused 
as raw material(cannot reuse 
as stainless steel).[64]  

Using the non-recyclable stainless steel 
to make new product (Stainless steel is 
made up of 25% old scrap, etc. [64].) 

Manufacture of 
borosilicate glass  

Noise pollution [65] 
Respiratory Hazard [65]. 

Construction of soundproof rooms for 
noisy machines[66] or install double-
paned windows for plant[67].Enhance 
ventilation, workers need to wear 
personal protective equipment.[68] 

Manufacture of 
PVC 

A range of health hazards. 

By-products of PVC 

production are highly 

persistent, bio accumulative, 

and toxic .[71] 

PVC is 100% recyclable and [69] can 
converted into new products for 
different industries so won't need to be 
thrown out. It will release toxins during 
manufacture, when exposed to fire, or 
decomposed in landfills, and it will 
release harmful gas once it is burned. 
[70] 

Manufacture the 
final product.  

Large amount of wastewater, 
pollutant air [65], dust [74] 
are disposed when 
manufacturing the product. 
 

Wastewater used for irrigation after 
going through a conventional 
primary/secondary sewage treatment 
process.[72] 
pollutant air, dust.[73] 
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2.5. Human Factors  

This section discusses how the gastight syringe address human factors in the physical, 

psychological, team, organizational and political level.  

 

Table 8: Description of human factors of the design 

Human Factor How they are addressed in the design 

Physical Pistol grip handle 

● The syringe handle is designed to fit any hand and provide 

comfortable grip during long experiments [75]. 

● Ensures optimum hand balance and prevents syringe from slipping 

[75].  

Frosted Glass on Plunger Barrel 

● Makes the volume of liquid inside plunger easy to read [36]. 

Psychological  Contrasting colours  

● Valve has two buttons to open and close, one is green and the other 

is red allowing the user to easily distinguish between them [76]. 

Team Buddy System 

● It is recommended in the operating instructions that ‘buddy system’ 

is used so that in cases of emergency someone is present to help the 

user. 

Organization Approval from lab manager 
● According to the operating instructions, all experiments dealing with 

hazardous substances must be approved by the lab manager so that 
he/she is informed on the risks associated with using them. 

Political University 

● Office of Environmental Health and Safety [77]: audits research 
laboratories, approves use of any hazardous chemicals in 
laboratories. 

● Governing council [78]: creates and approves policies, statements 
and regulations which laboratories and employees follow.  
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2.6. Social Impact  

This design impacts the safety of society by lessening the dangers of transferring high-risk 

chemicals. 

● Increase positive impacts by: 

○ Showing that the universities are taking initiative for increasing safety in their 

research labs 

○ Increasing confidence of user during experiments with hazardous chemicals 

○ Increasing awareness of laboratory safety for users and stakeholders like lab 

managers, supervisors etc. 

● Decrease negative impacts by: 

○ Decreasing risks and hazards of transferring dangerous chemicals  

 

2.7. Economics  

This section calculates the cost of the design, including capital, installation, operating, and 

disposal costs. This is explained in Table 9. The total cost is approximately $190.00 to $200.00. 

 

Table 9: Cost Breakdown 

Design Aspect Explanation of Cost Cost 

Raw Materials Standard Syringe model that includes the following 
components: 

● Borosilicate Glass 
● Stainless Steel Needle 
● Stainless Steel Handle 

$170.00 [79] 

PVC Barrel Sleeve $0.01 - $2.99 per 
unit [80] 

Silicone Rubber Tubing 

 

$0.01 - $1.00 per 
unit [81] 

Mininert Valve (20mm opening) $8.75[82] 

Manufacturing Manufacturing cost is difficult to estimate. To 

minimize costs, “design for manufacturing” is 

considered. There are only 6 main components of the 

design which can be easily assembled, including: 

● Silicone Tubing 

● Glass Barrel 

● PVC Sleeve 

Minimized 



Engineering Strategies and Practice                                                                                                                                                                       

Page 20 
 

● Steel Plunger and Grip 

Installation The design optimizes safety. While it does not have 
the same precision or capacity as all syringes, it will be 
able to replace existing syringes that would be used 
for transferring hazardous chemicals. It can be stored 
where existing equipment is stored. There are no 
installation costs for this equipment. 

N/A 

Maintenance / 
Operating 

The design needs to be cleaned and rinsed in between 

experiments to keep syringe contents pure. 

Experiments. Equipment can be rinsed with distilled 

water and an inert dry solvent such as dry toluene and 

heptane (Appendix F) which is already available in 

chemical laboratories. 

N/A 

Disposal / 
Decommissioning 

The Gastight Syringe is a high quality reusable design. 

It will only need to be disposed of when equipment 

becomes too old: either becoming obsolete (better 

equipment available, outdated) or equipment failure 

(breakage causes design to no longer function, needs 

to be replaced). 

The design can be disposed of in recycling to make 

new products, no significant cost or permanent 

unusable waste. 

N/A 
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3.0 Updated Project Management Plan 

The following are future events where the team is aiming to discuss expectations and 

restrictions for the project.  

 

Table 9: Important upcoming dates and status 

 

Preferred Date Alternative Dates Event Status1 

Jan. 23rd - 1st client meeting ✓ 

Feb. 16th Feb.15th Send PR/PMP to client ✓ 

Mar. 1st - 2nd client meeting ✓ 

Mar. 16th Mar. 15th Send CDS to client ✓ 

Mar. 20th Mar. 21th 3rd client meeting ✓ 

       Apr. 27th - Send FDS to client ✓ 

Apr. 27th - Presentation with client present ✓ 

 

4.0 Conclusion 

 

The client, Dr. Grossman, needed a safer chemical transfer method for flammable chemicals. 

After analysing the problem, client consultation, and rigorous comparison of potential designs, 

the team has decided that the Gastight Syringe best meets the design objectives because it is 

designed with the user’s safety in mind. It is the best solution to ensure laboratory workers are 

put at minimal risk when handling flammable chemicals. The design and its accompanying 

instructions aims to inform users on proper use, to encourage better lab safety practices, and to 

emphasize the importance of following operating instructions to prevent harm to user or 

damage to apparatus. The final design specifications have highlighted all of the social, 

economic, environmental, and human factors of the design. The design will lead to the 

manufacturing and implementation phase upon the client’s approval. The team has now 

finished the design project. 

                                                

1  ✓ - complete 

   X - in progress 
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6.0 Appendices 

Appendix A: Inspectors - Public and Environmental Health and Occupational Health 
An Occupational Health and Safety Officer works by inspecting and monitoring health and 

safety hazards in the workplace. He/she also works to create strategies that reduce health risks. 

They work in different industries, but play a major role in inspecting hazards in chemical labs. 

They evaluate if storage of hazardous substances, instructions, labels, and proper pollution 

control follow government rules and regulations [9]. 

 

Appendix B: Objective Explanation and Pairwise Comparison Table 

The following are explanations for the objective metrics. The current transport methods used in 

laboratories for pyrophoric (flammable) substances are high quality syringes. Our design is to 

serve similar functions as these syringes (transport substance), so they are used to make 

comparisons. 

 

Pressure Resistance: 

● The current transport methods used in laboratories for pyrophoric (flammable) 

substances are high quality syringes. The 1-10 mL syringes from Hamilton Company have 

a maximum pressure of 200 psi, while similar syringes from Valco Instruments have a 

maximum pressure of 250 psi. Therefore, a reasonable goal for the design is to 

withstand an internal pressure of 250 psi. [16, 18,20,21] 

 

Impact Resistance: 

● While transporting substance, a person may accidentally drop the design. The average 

height of a laboratory worker / researcher (that of a 20+ year old person) is 

approximately 1.75 m tall. Therefore, the design should be able to withstand a fall of 

greater than 2.00 m without breaking or otherwise releasing its contents. [14] 

 

Volume Capacity: 

● Valco Instruments, Hamilton Company, Qosina, and Cadence Science all offer similar 

syringes in the range of 1-10 mL, while some syringes had even larger capacities, but it 

would be unsafe to handle more than 20 mL at a time. Therefore, a reasonable goal for 

the design is to have a capacity of 5-20 mL. [15-18,20,21] 

 

Cost Effective: 

● Valco Instruments, Hamilton Company, Qosina, and Cadence Science all offer similar 

syringes with a variety of prices, ranging from approximately $50.00 to less than 

$200.00. If the design has a capacity of at least 5 mL and remains affordable for 

laboratories, it should cost roughly the same amount as a 5 mL syringe used for the 
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same purpose. Therefore, the design should cost less than approximately $150.00 

(average price for a similar capacity syringe). [16,18,19] 

 

User Friendly: 

● Although laboratory workers / researchers are well educated, they may have received 

limited training in the operation of lab equipment. Therefore, the design should be 

relatively easy to use. 

● “The System Usability Scale (SUS) provides a reliable tool for measuring the usability. 

Based on research, a SUS score above a 68 would be considered above average and 

anything below 68 is below average, however the best way to interpret your results 

involves “normalizing” the scores to produce a percentile ranking.” [22] 

 

The Pairwise Comparison Table is a tool used for comparing objectives and ranking them in 

order of importance. The client’s largest concern was with regard to safety, so the team 

decided that Pressure Resistant and Drop Resistant were most important. We also considered 

that the design will be used in laboratories, so the design should also have a similar capacity 

and be just as user friendly as currently used methods such as syringes. 

 

Table 10: Pairwise comparison table 

 Pressure 
Resistant  

Impact / 
Drop 
Resistant  

User 
Friendly 

Large 
Volume 
Capacity 

Cost 
Efficient 

Total 

Pressure 
Resistant  

 1 0 1 1 3 

Impact / 
Drop 
Resistant  

0  0 1 1 2 

User Friendly 1 1  1 1 4 

volume 
capacity 

0 0 0  1 1 

Cost Efficient 0 0 0 0  0 
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Based on the results from the table, the objectives in order from most to least important are: 

1. User Friendly 
2. Pressure Resistant 
3. Impact / Drop Resistant 
4. Volume Capacity 
5. Cost Efficient 
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Appendix C: Surrounding Conditions in Laboratory 

Figure 5: Physical conditions for mass and the laboratory itself. [28] 
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Appendix D: UCLA Lab Fire Incident 

 

A University of California, Los Angeles, chemistry professor was charged with felony labor code 

violations in regard to a 2008 UCLA lab fire resulting in the death of a researcher who was trying 

to transfer 1,1-dimethylethyl lithium (CH3)3-C-Li CAS 594-19-4 [84] which ignites spontaneously 

in air. The plunger came out of the syringe barrel and her clothing was set on fire. 

 

Figure 6: The introduction of hazards, precautions and procedures for working with T-BuLi. [85] 
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Appendix E: Definition of Non Corrosive & Inert Material  

Non corrosive: non corrosive means that something which do not burnt or vanishes. 

 

Inert material:  

Inert means that the material is not chemically reactive.  

Quartz is a chemically inert material that is generally for making chemicals tubes. Glass also has 

such property. The reason for “inert” is because the outer shell of the molecules’ electrons are 

fully occupied, therefore they do not react. Additionally, under the condition of low 

temperature, nitrogen (N2) is considered to be inert, whoever, it may react at higher 

temperatures. [86, 87] 

 

Gas tight:  

The gas sealing properties of the syringe is strengthened by a partition fit between the plunger 

tip and the barrel. Plungers are substitutable. Syringes can be autoclaved, but the plunger 

should be detached. [88] 

 

Appendix F: The Gastight Syringe Design 

Training Requirements 

Before experimenting with the syringe the user must have satisfied all training requirements. 

Users with limited experience must be trained on how to handle pyrophoric reagents and 

consult a knowledgeable staff member (supervisor or colleague) prior to performing the 

experiment [42]. All members should pass the online Environmental Health & Safety (EH&S) 

courses before conducting any experimental work and a copy of the EH&S guidelines must be 

reviewed. Lab must be checked by the supervisor for equipment hazards to ensure all possible 

hazardous issues are dealt with ahead of time [52]. See Flowchart 1 in section 2.0. 

Operating Instructions, Safety Procedures and Protocol 

All experiments must be approved by the laboratory manager. No experiments involving 

hazardous chemicals should not be performed during off hours or when there are few people 

to help in case of emergency. A ‘buddy system’ is encouraged for personal safety and 

protection especially when dealing with hazardous chemicals. The laboratory safety procedure 

should be read carefully before experiments and should strictly be followed. Carry out all 

experiments involving pyrophoric substance in a fume hood or glove boxes when dealing with 

an inert atmospheres. Inspect all apparatus before use in the experiment. 
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Personal Protective Equipment 

The following equipment should be worn before performing the experiments  

● Full-face respirators 

● Nitrile gloves with silver layer shield gloves, neoprene gloves 

● ANSI approved, tight-fitting glasses/ goggles 

● Flame-resistant lab coats 

● Safety shoes 

 

Operating Instructions for the Mininert Valve [56] 

● Push the green button to open valve 

● Insert the needle through the septum and take sample 

● Remove the needle and push the red button to close 

 

Warning Signs 

The gastight syringe will clearly display the labels 1-4.They generally remind the user to wear 

the PPE and to take heed of risks and hazards when doing experiments with flammable 

chemicals in order to run the experiments safely. 

Figure 7: Safety Labels 1-4 for the gastight syringe [89] 

 

Label 1 reminds the user to wear the appropriate lab coat, a flame retardant lab coat before 

carrying out experiments with flammable chemicals. 

  

Label 2 reminds the user to wear safety goggles for eye protection 

 

Label 3 reminds the user to wear neoprene gloves for hand protection 
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Label 4 warns the user of the danger associated with flammable chemicals and risks of a fire if 

not dealt with safely. It reminds the user of the importance of following all safety procedure to 

reduce the risk of accidents happening. 

 

Figure 8 shows a detailed blown out view of the components of a gastight syringe. 

 

Figure 8: Components of Gastight Syringe [86, 90] 

 

1-Piston Rod with Handle    

2-Piston Rod Spring 

3-Threaded Adjustable Rod 

4-Knurled Washer Nut 

5-Casing Cap 

6-Plunger 

7-Glass Barrel for 25 ml Barrel Casing with Valve Body 

23-Silicone Tubing, 1m  Long 
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25-Short Vent Cannula 

26-Long Vent Cannula 

27-Barrel Casing with Valve Body-25 ml 

28-Nozzle Plate 

30-Valve Body 

31-Intake Valve 

32-Valve Washer 

34-Luer Lock Nozzle 

35-Valve Spring Inlet 

36-Valve Spring Outlet 

37-Valve Ball 

41-Pistol Grip Handle 

44-Retainer Screw 

46-Teflon Sleeve 

 

Components of the gastight syringe  

Figure 9: Push button Mininert Valves [37] 

 

Figure 10: Syringe Plunger [91] 

 

Figure 11: Large hub removable needle to be assembled to the syringe [92] 
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Figure 12: Syringe stand as an extra safety feature a syringe stand could be used to hold the 

syringe in a ready-to-fetch position [44] 

 

 

Figure 13: Silicone feed tubing [93] 

 

Figure 14: PVC Protection sleeve [93] 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



Engineering Strategies and Practice                                                                                                                                                                       

Page 40 
 

Figure 15 shows a syringe design that inspired the final design of the gastight syringe with a 

feed tubing kit 

 

Figure 15: Socorex syringe with feed tube Kit [94] 

 

 

Transferring Pyrophoric Reagents with Syringe 

● Clamp the reagent bottle and receiving vessel to prevent them from moving. 

● Insert a needle from an inert gas source with a bubbler outlet into the bottle keeping 

the needle tip above the liquid level to equalize the pressure in the reagent bottle. 

●  Flush dry syringe with inert gas, depress the plunger and insert the needle into the 

Sure/Seal bottle. 

● Gently pull the plunger to draw liquid into the syringe. Pulling too hard or too fast can 

cause air bubbles to enter between the plunger and syringe body. 

● For safest work, do not fill syringe more than 60% full, up to a maximum of 10 mL of 

liquid. 

●  Excess reagent and entrained bubbles are then forced back into the reagent bottle 

● For highly pyrophoric pyrophoric materials such as tert-butyllithium and 

trimethylaluminum, it is best to draw a plug of inert gas from the headspace into the 

needle after excess reagent is forced back into the bottle and before withdrawing the 

needle. 

●  The desired volume of reagent in the syringe is quickly transferred to the reaction 

apparatus by puncturing a rubber septum.   

 

 

 

 

 

 



Engineering Strategies and Practice                                                                                                                                                                       

Page 41 
 

Figure 16: Filling syringe with nitrogen pressure [95] 

 
 

Figure 17: Removing excess gas bubbles and returning excess reagent to the Sure/Seal bottle 

[95] 

 

Figure 18: Syringe transfer of reagent to reaction vessel [95] 
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Cleaning the Syringe and Safe Disposal of Pyrophoric Reagents 

● Residues of organolithium compounds can be safely quenched under an inert 

atmosphere by diluting to less than 5 wt.% with an inert solvent such as heptane (avoid 

using solvents with low flash points such as pentane or diethyl ether).  This solution is 

then slowly added to a well-stirred 2M solution of 2-propanol in heptane under an inert 

atmosphere, while maintaining the temperature below 50˚C.  The resultant solution of 

lithium isopropoxide is then quenched by careful addition of methanol, then excess 

water. 

● The essentially empty container should then be rinsed three times with an inert dry 

solvent such as dry toluene and heptane; this rinse solvent must also be hydrolyzed or 

neutralized prior to disposal as waste.[95] 

 

Maintaining good work practices. 

●  Keep combustible materials, including paper towels and Kimwipes, away from 

pyrophoric reagents. 

● Minimize the quantity of pyrophoric reagents used and stored and use the smallest 

quantity of material practical.  It is better to do multiple transfers of small volumes than 

attempt to handle larger quantities. Consider using the cannula method when 

transferring more than 20 ml. 

● Remove all excess and nonessential chemicals and equipment from the fume hood or 

glove box where pyrophoric chemicals will be used to minimize the risk of fire. 

● Designate a fume hood or glove box for hazardous work [96]. 
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● Figure 19: Sample lab safety checklist[97]
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