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Nanoscale Science Research Centers
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Center for Functional Nanomaterials 

National Synchrotron Light Source I

üCondensed Matter 
Physics & Material 
Science

üChemistry

üLife Sciences

üEnergy, Environment, 
and National Security

üHazardous Waste 
Management Facility, 
Bldg. 865 (Waste 
Storage)

BNL User Facilities and Small Sciences Labs



Cytotoxicity of Colloidal CdSe and
CdSe/ZnS Nanoparticles
Christian Kirchner, Tim Liedl, et. Al, Center for Nanoscience, Ludwig Maximilians 
Universitat Munchen, Germany,Nanion Technologies GmbH, Pettenkoferstr. 12, 80336 
Munich, Germany, NANO LETTERS 2005 Vol. 5, No. 2 331-338

ÁñSmartò nanomaterial use in life sciences.  

ÁCdSe fluorescent nanoparticles (Quantum dots) as dyes 
for labeling of cells, 

ÁToxic effects on cells are caused by release of Cd+2 from 
the surface of CdSe or CdSe/ZnS nanoparticles, 

ÁCell impairment if nanoparticles precipitate on the cell 
surface

ÁNanoparticles are ingested by the cells 

ÁInfluence of surface chemistry on toxicity
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BNL Internal Use Videos PET Imaging 11C-CdSe/ZnS

Nanoparticle Study of Fate in the Body
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Develop kinetic models to describe and 
predict nanoparticle behavior in living 

systems
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Track nanoparticle movement in real 
time and in space in living animals

Determine structural predictors of 
nanoparticle fate

Nanoparticle Study of Fate in the Body
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Nanoparticle Study of Fate in the Body
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Overarching Objective

In conformance with the general principle in the National 

Research Councilôs Prudent Practices for Handling Hazardous 

Chemicals in Laboratories, 

-Nanoparticles will be treated as though they are a toxic and 

hazardous material until empirical-based evidence shows 

otherwise.
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DOE Nanomaterial EHS Requirements

ÁU.S. Department of Energy POLICY
ÅSUBJECT: SECRETARIAL POLICY STATEMENT ON 

NANOSCALE SAFETY

ÁU.S. Department of Energy NOTICE 
ÅSUBJECT: THE SAFE HANDLING OF UNBOUND 

ENGINEERED NANOPARTICLES

Á10 CFR Part 851 Worker Safety and Health Program

ÁOSHA, EPA, ANSI, States, Municipal; ACGIH

ÁMSDS
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Hazard Assessment and Risk 
Management Sources

ÁDepartment of Energy Nanoscale Science Research 
Centers  Approach to Nanomaterial ES&H 

ÅRevision 3a . May 2008 
Å http://orise.orau.gov/ihos/Nanotechnology/files/NSRCMay12.pdf

ÁNIOSH Publication No. 2009-125: 

Å Approaches to Safe Nanotechnology
Managing the Health and Safety Concerns Associated with Engineered 
Nanomaterials

http://www.cdc.gov/niosh/docs/2009-125
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Hazard Identification and Control

ÁManagement System: Work Planning and Control 

ÅSubject Area: Work Planning and Control for Experiments 
and Operations

ÁManagement System: Worker Safety And Health

ÅBrookhaven National Laboratory Approach to 
Nanoparticle ES&H
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Hazard Identification and Control

Institutional Nanoscience Safety Advisory Committee

ÁCommittee is charged with providing consistent 
guidance for all research activities at Brookhaven 
National Laboratory involving engineered nanomaterial

ÁThe Institutional Nanoscience Safety Advisory 
Committee (INSAC) consists of scientists, support 
staff, and pertinent subject matter experts as deemed 
appropriate.
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Experimental Safety Review

Å Process Owner and Detailed Scope 
of Work

Å Transportation

Å ID Hazards; physical, chemical  
biological, radiological

Å Training & Qualification 

Å Human Performance Factors ςHow 
do controls depend on human 
behavior 

Å Waste Minimization

Å Quantify Risk Å Materials used and waste products

Å Specify Exposure Monitoring Å Significant Environmental Aspects

Å Medical Surveillance Å Feedback

Å Emergency Procedures Å Decommissioning

Hazard Identification and Control
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Work Permit Planning/Training [Operations]

ÁCustodial Staff

ÁEngineering Design Staff

ÁEmergency Responders

ÁEquipment Maintenance; ventilation systems 

ÁContractors; equipment technicians, construction

ÁUsers

Hazard Identification and Control



ESH Training at User Facilities

ÁJob Training Approval (JTAôs) training/qualification 
requirements for technical, ops. and admin. staff 

ÁJTAôs used to control access to labs via card 
readers (CFN)

ÁUsers assigned JTA based on facility they will be 
working on

ÁSafety Approval Form (SAF)scope of experiment 
hazards, controls reviewed and approved by PI & 
ESH

ÁOperations & Safety Awareness checklist to identify 
and communicate hazards to users; to identify 
necessary training/qualifications
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Safety Approval Form (Users)
Will your work involve engineered nanomaterials? 

Á Engineered nanomaterials are structures that measure between 1 
and 100 nanometers (nm). 

ÁNSLS has specific requirements for work with nano-scale 
particulate, nano-scale particulate solutions, and nanomaterials 
that are fixed to a substrate.

Á Post a sign at each designated nanomaterials workstation (i.e. 
beam line hutch and laboratory exhaust hood).

Check all of the nanomaterial forms that you will be working with 
during your experiment:

ÇNanomaterials Fixed to a Substrate
ÇNanomaterials in Solution
ÇFree Particulate Nanomaterials
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EM micrographs of gold nanorods.

Gold Nanorods:érod shaped particles with rounded ends 

averaging 20 nanometers (nm) in diameter and 50 nm in length. 

Particles had a tendency to collect in monolayered clusters aligned in 

an ordered orientation. The majority of the Au nanoparticles can be 

found encompassed in a residual material - carbon and a trace 

amount of silicon.

Material Composition and Form

[Ref 1]
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Silicon Nanopowder: ,,,rounded, often spherical, agglomerated particles 

with a smooth surface texture and aciniform characteristics. Primary particle 

size ranged from approximately 10 to 50 nm in diameter, although 

agglomerations measured on the order of micrometers.

Ref 1: Casuccio, G., Ogle, R., Wahl, L., and Pauer, R., (September 2009). Worker and 

environmental assessment of  potential unbound engineered nanoparticle releases (Phase I  

Final Report prepared by RJ Lee Group). Berkeley , CA: Lawrence Berkeley National 

Laboratory.

Material Composition and Form

[Ref 1]
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Hazard and Exposure risk attributes

1.   particle size

2.   particle morphology

3.   elemental chemistry

4.   solubility

5.   toxicities of starting materials

6.   amount of material used

7.   dustiness (or potential for the material to become airborne based on the 

task/process)

8.   number of people doing the work

9.   duration of the operation

10. frequency of the operation

Preliminary Control Bands (LBNL)

[Ref 2]

*7) Dustiness

Highlight -

understand the 

process
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Preliminary Control Bands - LBNL

Preliminary control band ranking for processes or activities: 

Á Level I: Minimum control, general area ventilation, work on a bench top. 

Á Level II: Work within an approved laboratory ventilation hood required; air 
cleaning recommended (e.g., HEPA filtration for particulates should be 
considered for environmental protection). 

Á Level III: Containment, such as a glove box, required to prevent loss to the 
work environment. Particulate effluent from the glove box should be 
evaluated. 

Á Level IV: Review by a specialist required; full containment of the operation 
and air-cleaning devices (e.g., HEPA filtration for particulates) required on 
ventilation for environmental protection. 

[Ref 2]
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Preliminary Control Bands - LBNL

[Ref 2]
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Preliminary Control Bands - BNL
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Preliminary Control Bands - BNL
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ÁLimitations of Condensation

Particle Counter

ÅTwo identical units side by side donôt

match within a few hundred to a thousand p/cc

ÅCalibration: HEPA filter zeroing; canôt test actual reading: 
- when testing side by side found thousands off due to 

flow rate issue

Å Daily level changes; height level changes; weather level 
changes

Å Particle size indeterminate

ÅCanôt distinguish UNP from naturally occurring particles

Monitoring ïReal Time
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Monitoring: Quantitative Assessment 

LBNL

Location

Background Result

(thousand p/cc)

Hotel 18-25

Lab 1 4.5-5

Lab 2 5-7

Lab 3 1.5

Lab 4 2.5-3

Lab 5 1.5-2

Lab 6 6-8

Lab 7 2

CR 2-4

BNL

Location

(CFN)

Background Result

Pre-Operations

(thousand p/cc)

Outdoors 
(5/9/07)

53-64

Lab  IL10 2.7-5.5

Lab  IL34 3.2-3.4

Lab  IL16 2.3-3.1

Lab  IL15 1.3-1.6

Outdoors
(5/11/07)

5.7-5.8 (rain)

[Ref 2]

BNL Internal Monitoring Report; 

5/9/07; CPC Background Results
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Thin Film Evaporator Cleanout

Recommended Procedure:

ÅRemove parts to HEPA filtered 

chemical hood

ÅGlovebag with HEPA Vacuum

ÅNo respiratory protection

ÅUse of brush and isopropyl 

alcohol wipes for cleaning

ÅIH Monitoring with Condensation 

Particle Counter (CPC)

Monitoring ïReal Time Examples

Lesker PVD-75 Evaporator
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Time Location Minimum Maximum Condition/Comments

13:38 Hall 2800 2900 Background

Lab Entrance 2000 2100 Background

Work Area 2000 2100 Background

Work Area 3000 3300 Vacuum On

13:52 Work Area 2500 2600 Vacuum Off, Chamber Closed

Work Area 2600 2700 Vacuum Off, Chamber Open

Work Area 2700 2700 Removing Pieces

14:03 Work Area 2800 2900 Removing Al Foil

Work Area 3000 3000 Vacuum On

14:17 Work Area 8500 12000 Glovebag With Vacuum Inside

14:35 Work Area 3000 3200 Vacuum Off

14:50 Work Area 3000 3200 Glovebag Off

Work Area 3000 3200 Final Cleaning With Wet Wipes

Monitoring ïReal Time Examples

Lesker PVD-75 Evaporator

Was There An 

Exposure?
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Monitoring ïReal Time Examples

Time Location Minimum Maximum Condition/Comments

11:25 Hallway 6100 6500 Ambient

11:35 Hallway 5700 8200 Ambient

11:40 Lab 4900 5000 Before Work

11:44 Lab 5000 5000 Wet Cleaning/Wiping 

11:49 Lab 5500 5800 Clean Interior of Magnetron

Lab 4300 4700 Ambient

Magnetron Sputtering Equipment Cleanout

Molybdenum Oxide & Molybdenum Sulfide Particles

Was There An 

Exposure?

What cleaning 

compound was 

used and is it 

detected?
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Communication of Hazard;  Posting, Labeling

Lab Std; Designated Area

Administrative Controls
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ÅLabel 

Storage Area

ÅInclude 

nanoparticle 

with 

chemical 

name

ÅContinue 

with this 

style through 

disposal

Administrative Controls
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99.9% Cerium Oxide Nanoparticle Labeling Secondary Container

Administrative Controls
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Separation of Nano-

contaminated Waste 

ÅAdministrative Control 

for Custodians

Identification on waste label

ÅTracking Disposition; 

quantity, location, etc. 

Administrative Controls



Nanowaste container
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Engineering Controls: 

Exhaust Ventilation ïHEPA Filtration
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HEPA Exhaust to Laboratory Ventilation

Engineering Controls: 

Exhaust Ventilation ïHEPA Filtration
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Pre-Work Planning to prevent exposure Easy Identification of controls

Engineering Controls: 

Exhaust Ventilation ïHEPA Filtration
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ÁHEPA Surveillance Certification

Engineering Controls: 

Exhaust Ventilation ïHEPA Filtration
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ÅWeigh 

Station With 

Connection 

to Laboratory 

Exhaust

ÅLow Face 

Velocity 

Pre-Planned Ventilation Un-planned Add-On Ventilation

Engineering Controls: 

Exhaust Ventilation ïHEPA Filtration
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ÁVariable Air Volume Controls

ÁLow Face Velocity Hoods

ÁASHRAE 110 Testing
ÅAM, AI, AU

ÁSelf Closing Sash

ÁHigh Velocity Air Stack Design

Engineering Controls: 
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Chemical Vapor Deposition; FirstNano 3000 Chemical Scrubber

Engineering Controls: 

Chemical Vapor Deposition: Scrubber, Enclosure 


