
 

Non-confidential version CHEMICAL SAFETY REPORT i 

CHEMICAL SAFETY REPORT 

 

 
Legal name of 
applicant(s): 

Akzo Nobel Aerospace Coatings Limited in its legal capacity as only 
representative for Akzo Nobel Car Refinishes B.V. (StC) 

Boeing Distribution (UK) Inc. (StC, PCO, PHD) 

Akzo Nobel Aerospace Coatings Limited in its legal capacity as only 
representative for Mapaero SAS (StC) 

Mankiewicz UK LLP in its legal capacity as only representative for Finalin 
GmbH (StC)  

Wesco Aircraft EMEA Ltd (PCO, PHD) 

 

 

Substances:  Strontium chromate (StC) EC 232-142-6 CAS 7789-06-2 

 Pentazinc chromate octahydroxide 
(PCO) 

EC 256-418-0 CAS 49663-84-5 

 Potassium hydroxyocta-
oxodizincate-dichromate (PHD) 

EC 234-329-8 CAS 11103-86-9 

 

 

   

Uses applied for: Use 1: Use of primer products other than wash or bonding primers containing 
strontium chromate and/or pentazinc chromate octahydroxide and/or 
potassium hydroxyoctaoxodizincate dichromate in aerospace and defence 
industry and its supply chains  

    

    

 
  



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers              StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT ii 

Contents 

PART A ............................................................................................................................................................. 9 

PART B ........................................................................................................................................................... 10 

9 EXPOSURE ASSESSMENT (AND RELATED RISK CHARACTERISATION) ..................................................... 11 

9.1 INTRODUCTION ........................................................................................................................................ 11 
9.1.1 {ǘǊǳŎǘǳǊŜ ƻŦ ǘƘƛǎ ŘƻǎǎƛŜǊ ά¦ǎŜ ƻŦ ǇǊƛƳŜǊ ǇǊƻŘǳŎǘǎ ƻǘƘŜǊ ǘƘŀƴ ǿŀǎƘ ƻǊ ōƻƴŘƛƴƎ ǇǊƛƳŜǊǎ 

containing strontium chromate and/or pentazinc chromate octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate in aerospace and defence industry and its supply ŎƘŀƛƴǎέ
 .................................................................................................................................................... 11 

9.1.2 Introduction to the assessment .................................................................................................. 14 
9.1.2.1 Classification of the substances ................................................................................................................... 14 
9.1.2.2 Grouping approach for Cr(VI) compounds ................................................................................................... 15 
9.1.2.3 Exposure-risk relationships (ERRs) for carcinogenic effects used for the assessment ................................. 15 
9.1.2.4 Environment ................................................................................................................................................. 18 
9.1.2.5 Exposure of humans via the environment ................................................................................................... 18 
9.1.2.6 Workers ........................................................................................................................................................ 27 
9.1.2.7 Consumers ................................................................................................................................................... 30 

9.2 USE 1: ά¦SE OF PRIMER PRODUCTS OTHER THAN WASH OR BONDING PRIMERS CONTAINING STRONTIUM CHROMATE 

AND/OR PENTAZINC CHROMATE OCTAHYDROXIDE AND/OR POTASSIUM HYDROXYOCTAOXODIZINCATE DICHROMATE IN 

AEROSPACE AND DEFENCE INDUSTRY AND ITS SUPPLY CHAINSέ ............................................................................... 31 
9.2.1 Overview of use and exposure scenarios .................................................................................... 31 

9.2.1.1 Introduction ................................................................................................................................................. 31 
9.2.2 Detailed information on use ....................................................................................................... 34 

9.2.2.1 Process description ...................................................................................................................................... 34 
9.2.2.2 Teams and employees involved ................................................................................................................... 34 
9.2.2.3 Technical and organisational risk management measures .......................................................................... 34 
9.2.2.4 Tonnages and mass balance considerations ................................................................................................ 42 

9.2.3 9ȄǇƻǎǳǊŜ ǎŎŜƴŀǊƛƻ м ŦƻǊ ¦ǎŜ мΥ ά¦ǎŜ ƻŦ ǇǊƛƳŜǊ ǇǊƻŘǳŎǘǎ ƻǘƘŜǊ ǘƘŀƴ ǿŀǎƘ ƻǊ ōƻƴŘƛƴƎ ǇǊƛƳŜǊǎ 
containing strontium chromate and/or pentazinc chromate octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate in aerospace and defence industry and its suǇǇƭȅ ŎƘŀƛƴǎά
 .................................................................................................................................................... 44 

9.2.3.1 Environmental contributing scenario 1 ........................................................................................................ 44 
9.2.3.2 Worker contributing scenario 1 ς Spray operators for manual spraying in spray room/booth ................... 56 
9.2.3.3 Worker contributing scenario 2 ς Spray operators for manual spraying in a dedicated spray hangar ........ 75 
9.2.3.4 Worker contributing scenario 3 ς Operators performing brushing/rolling .................................................. 89 
9.2.3.5 Worker contributing scenario 4 ς Machinists ............................................................................................ 102 
9.2.3.6 Worker contributing scenario 5 ς Sanders in a dedicated hangar ............................................................. 119 
9.2.3.7 Worker contributing scenario 6 ς Workers performing media blasting in closed system ......................... 128 
9.2.3.8 Worker contributing scenario 7 ς Workers performing media blasting in a room/hall ............................. 137 
9.2.3.9 Worker contributing scenario 8 ς Maintenance and/or cleaning workers for spray area(s) ..................... 145 
9.2.3.10 Worker contributing scenario 9 ς Maintenance and/or cleaning workers (excluding spray areas) ........... 158 
9.2.3.11 Worker contributing scenario 10 ς Incidentally exposed workers ............................................................. 166 

10 RISK CHARACTERISATION RELATED TO COMBINED EXPOSURE........................................................ 177 

10.1 HUMAN HEALTH (RELATED TO COMBINED, SHIFT-LONG EXPOSURE) .................................................................. 177 
10.1.1 Workers .................................................................................................................................... 177 
10.1.2 Consumers ................................................................................................................................ 177 

10.2 ENVIRONMENT (COMBINED FOR ALL EMISSION SOURCES) ............................................................................... 177 
10.2.1 All uses (regional scale) ς regional assessment ........................................................................ 177 
10.2.2 Local exposure due to all wide dispersive uses ......................................................................... 178 
10.2.3 Local exposure due to combined uses at a site ......................................................................... 178 

11 ANNEXES ......................................................................................................................................... 179 

11.1 ANNEX I ς COMPARATIVE ASSESSMENT OF PHYSICO-CHEMICAL INPUT PARAMETERS FOR EUSES MODELLING ........... 179 



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers              StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT iii 

11.2 ANNEX II ς EUSES SENSITIVITY ANALYSIS OF IMPACT OF PARTITION COEFFICIENTS .............................................. 182 
11.3 ANNEX III ς EUSES INPUT DATA AND RELEASE FRACTIONS DERIVED FROM ENVIRONMENTAL MONITORING DATA OF 

INDIVIDUAL SITES .................................................................................................................................... 184 
11.4 ANNEX IV ς MONITORING: SAMPLING AND ANALYTICAL METHODS .................................................................. 190 
11.5 ANNEX V ς BIOMONITORING .................................................................................................................... 192 
11.6 ANNEX VI ς RESPIRATORY PROTECTION ς ASSIGNED PROTECTION FACTORS (APF) .............................................. 194 
11.7 ANNEX VII ς FACTORS FOR CALCULATING USE-SPECIFIC SHARES ....................................................................... 197 
11.8 ANNEX VIII ς ILLUSTRATIONS AND ADDITIONAL INFORMATION ON SPRAY FACILITIES, LEV SYSTEMS AND AIR ABATEMENT . 
  .......................................................................................................................................................... 199 

12 REFERENCES .................................................................................................................................... 204 

 

 
  



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers              StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT iv 

 List of Tables 

TABLE 9-1: OVERVIEW ON ADCR NEW AFAS AND REVIEW REPORTS ON CHROMATES IN PRIMER PRODUCTS .......................... 12 
TABLE 9-2: SUBSTANCE CLASSIFICATION ................................................................................................................... 14 
TABLE 9-3: EXPOSURE-RISK RELATIONSHIPS FOR INHALATION EXPOSURE OF WORKERS USED FOR CALCULATING CANCER RISKS DUE 

TO CR(VI) EXPOSURE (FROM ECHA, 2013A) ............................................................................................ 16 
TABLE 9-4: EXPOSURE-RISK RELATIONSHIPS FOR INHALATION EXPOSURE OF GENERAL POPULATION USED FOR CALCULATING 

CANCER RISKS DUE TO CR(VI) EXPOSURE (FROM ECHA, 2013A) .................................................................. 17 
TABLE 9-5: EXPOSURE-RISK RELATIONSHIPS FOR ORAL EXPOSURE OF GENERAL POPULATION USED FOR CALCULATING CANCER RISKS 

DUE TO CR(VI) EXPOSURE OF HUMANS VIA ENVIRONMENT (FROM ECHA, 2013A) ........................................................ 18 
TABLE 9-6: TYPE OF RISK CHARACTERISATION REQUIRED FOR HUMANS VIA THE ENVIRONMENT ........................................... 19 
TABLE 9-7: PHYSICO-CHEMICAL PROPERTIES OF STC AND ENVIRONMENTAL FATE PROPERTIES OF CR(VI) REQUIRED FOR EUSES 

MODELLING ........................................................................................................................................ 25 
TABLE 9-8: PARTITION COEFFICIENTS FOR CR(VI) FOR SUSPENDED MATTER, SEDIMENT AND SOIL UNDER ACID AND ALKALINE 

CONDITIONS, AS GIVEN IN ECB (2005) .................................................................................................... 26 
TABLE 9-9: TYPE OF RISK CHARACTERISATION REQUIRED FOR WORKERS .......................................................................... 27 
TABLE 9-10: OVERVIEW OF EXPOSURE SCENARIOS AND THEIR CONTRIBUTING SCENARIOS ................................................ 32 
TABLE 9-11: CONDITIONS OF USE ς ENVIRONMENTAL CONTRIBUTING SCENARIO 1 ........................................................ 45 
TABLE 9-12: LOCAL RELEASES TO THE ENVIRONMENT ............................................................................................... 48 
TABLE 9-13: EXCESS CANCER RISK ESTIMATES FOR HUMANS VIA THE ENVIRONMENT (GENERAL POPULATION, LOCAL 

ASSESSMENT) ASSIGNED TO USE OF PRIMER PRODUCTS OTHER THAN WASH OR BONDING PRIMERS CONTAINING 

STC AND/OR PCO AND/OR PHD ....................................................................................................... 51 
TABLE 9-14: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 1 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN 

SPRAY ROOM/BOOTH ....................................................................................................................... 57 
TABLE 9-15: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL 

SPRAYING IN SPRAY ROOM/BOOTH AT GB SITES ..................................................................................... 66 
TABLE 9-16: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL 

SPRAYING IN SPRAY ROOM/BOOTH AT GB SITES ..................................................................................... 67 
TABLE 9-17: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL 

SPRAYING OUTSIDE OPEN SPRAY BOOTH/ROOM/HANGAR AT EEA SITES ...................................................... 70 
TABLE 9-18: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL 

SPRAYING IN SPRAY ROOM/BOOTH ς AUTOMATED SPRAYING AT GB SITES .................................................. 71 
TABLE 9-19: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN 

SPRAY ROOM/BOOTH AT GB SITES ...................................................................................................... 72 
TABLE 9-20 RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN 

SPRAY ROOM/BOOTH ....................................................................................................................... 73 
TABLE 9-21: BIOMONITORING DATA FOR WCS 1 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN SPRAY ROOM/BOOTH ...... 74 
TABLE 9-22: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 2 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN A 

DEDICATED SPRAY HANGAR ................................................................................................................ 75 
TABLE 9-23: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 2 ς SPRAY OPERATORS FOR MANUAL 

SPRAYING IN A DEDICATED SPRAY HANGAR AT GB AND EEA SITES ............................................................. 81 
TABLE 9-24: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 2 ς SPRAY OPERATORS FOR MANUAL 

SPRAYING IN A DEDICATED SPRAY HANGAR AT GB AND EEA SITES ............................................................. 81 
TABLE 9-25: SUMMARY STATISTICS OF PERSONAL SHORT-TERM INHALATION EXPOSURE MEASUREMENTS FOR WCS 2 ς SPRAY 

OPERATORS FOR MANUAL SPRAYING IN A DEDICATED SPRAY HANGAR AT GB AND EEA SITES ........................... 85 
TABLE 9-26: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 2 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN 

A DEDICATED SPRAY HANGAR ............................................................................................................. 86 
TABLE 9-27: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 2 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN A 

DEDICATED SPRAY HANGAR ................................................................................................................ 87 
TABLE 9-28: BIOMONITORING DATA FOR WCS 2 ς SPRAY OPERATORS FOR MANUAL SPRAYING IN A DEDICATED SPRAY HANGAR . 

  .................................................................................................................................................... 88 
TABLE 9-29: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 3 ς OPERATORS PERFORMING BRUSHING/ROLLING .. 89 
TABLE 9-30: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 3 ς OPERATORS PERFORMING 

BRUSHING/ROLLING AT GB AND EEA SITES ........................................................................................... 93 



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers              StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT v 

TABLE 9-31: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 3 ς OPERATORS PERFORMING 

BRUSHING/ROLLING AT GB AND EEA SITES ........................................................................................... 94 
TABLE 9-32: SUMMARY STATISTICS OF PERSONAL LONG-TERM INHALATION EXPOSURE MEASUREMENTS FOR WCS 3 ς 

OPERATORS PERFORMING BRUSHING/ROLLING EXCLUSIVELY AT GB AND EEA SITES ...................................... 98 
TABLE 9-33: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 3 ς OPERATORS PERFORMING BRUSHING/ROLLING

 99 
TABLE 9-34: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 3 ς OPERATORS PERFORMING BRUSHING/ROLLING .. 99 
TABLE 9-35: BIOMONITORING DATA FOR WCS 3 ς OPERATORS PERFORMING BRUSHING/ROLLING AT GB SITES................ 100 
TABLE 9-36: BIOMONITORING DATA FOR WCS 3 ς OPERATORS PERFORMING BRUSHING/ROLLING AT EEA SITES .............. 101 
TABLE 9-37: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 4 ς MACHINISTS ............................................. 103 
TABLE 9-38:  OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 4 ς MACHINISTS .................... 112 
TABLE 9-39:  SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 4 ς MACHINISTS..................... 112 
TABLE 9-40:  MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 4 ς MACHINISTS ...................................... 117 
TABLE 9-41:  RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 4 ς MACHINISTS ............................................. 117 
TABLE 9-42: BIOMONITORING DATA FOR WCS 4 ς MACHINISTS .............................................................................. 118 
TABLE 9-43: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 5 ς SANDERS IN A DEDICATED HANGAR ................ 119 
TABLE 9-44: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 5 ς SANDERS IN A DEDICATED 

HANGAR AT EEA SITES .................................................................................................................... 122 
TABLE 9-45: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 5 ς SANDERS IN A DEDICATED 

HANGAR AT EEA SITES .................................................................................................................... 123 
TABLE 9-46: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 5 ς SANDERS IN A DEDICATED HANGAR ......... 126 
TABLE 9-47: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 5 ς SANDERS IN A DEDICATED HANGAR ................ 126 
TABLE 9-48: BIOMONITORING DATA FOR WCS 5 ς SANDERS IN A DEDICATED HANGAR AT GB SITES ............................... 127 
TABLE 9-49: BIOMONITORING DATA FOR WCS 5 ς SANDERS IN A DEDICATED HANGAR AT EEA SITES .............................. 128 
TABLE 9-50: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 6 ς WORKERS PERFORMING MEDIA BLASTING IN 

CLOSED SYSTEM ............................................................................................................................. 129 
TABLE 9-51: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 6 ς WORKERS PERFORMING MEDIA 

BLASTING IN CLOSED SYSTEM AT GB AND EEA SITES ............................................................................. 132 
TABLE 9-52: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 6 ς WORKERS PERFORMING MEDIA 

BLASTING IN CLOSED SYSTEM AT GB AND EEA SITES IN TOTAL................................................................. 133 
TABLE 9-53: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 6 ς WORKERS PERFORMING MEDIA BLASTING IN 

CLOSED SYSTEM ............................................................................................................................. 135 
TABLE 9-54: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 6 ς WORKERS PERFORMING MEDIA BLASTING IN 

CLOSED SYSTEM ............................................................................................................................. 136 
TABLE 9-55: BIOMONITORING DATA FOR WCS 8 ς WORKERS PERFORMING MEDIA BLASTING IN CLOSED SYSTEM AT GB SITES ... 

  .................................................................................................................................................. 136 
TABLE 9-56: BIOMONITORING DATA FOR WCS 6 ς WORKERS PERFORMING MEDIA BLASTING IN CLOSED SYSTEM AT EEA SITES . 

  .................................................................................................................................................. 137 
TABLE 9-57: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 7 ς WORKERS PERFORMING MEDIA BLASTING IN A 

ROOM/HALL ................................................................................................................................. 138 
TABLE 9-58: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 5 ς SANDERS IN A DEDICATED 

HANGAR, USED AS A DEPUTY FOR INHALATION EXPOSURE ASSESSMENT OF WCS 7 ς WORKERS PERFORMING 

MEDIA BLASTING IN A ROOM/HALL AT EEA SITES ................................................................................. 142 
TABLE 9-59: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 7 ς WORKERS PERFORMING MEDIA BLASTING IN A 

ROOM/HALL ................................................................................................................................. 144 
TABLE 9-60: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 7 ς WORKERS PERFORMING MEDIA BLASTING IN A 

ROOM/HALL ................................................................................................................................. 145 
TABLE 9-61: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 8 ς MAINTENANCE AND/OR CLEANING WORKERS FOR 

SPRAY AREA(S) .............................................................................................................................. 146 
TABLE 9-62: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 8 ς MAINTENANCE AND/OR 

CLEANING WORKERS FOR SPRAY AREA(S) AT GB AND EEA SITES .............................................................. 151 
TABLE 9-63: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 8 ς MAINTENANCE AND/OR 

CLEANING WORKERS FOR SPRAY AREA(S) AT GB AND EEA SITES .............................................................. 152 
TABLE 9-64: SUMMARY STATISTICS OF PERSONAL LONG-TERM INHALATION EXPOSURE MEASUREMENTS FOR WCS 8 ς 

MAINTENANCE AND/OR CLEANING WORKERS FOR SPRAY AREA(S) AT GB AND EEA SITES ............................. 155 



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers              StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT vi 

TABLE 9-65: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 8 ς MAINTENANCE AND/OR CLEANING WORKERS 

FOR SPRAY AREA(S) ........................................................................................................................ 156 
TABLE 9-66: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 8 ς MAINTENANCE AND/OR CLEANING WORKERS FOR 

SPRAY AREA(S) .............................................................................................................................. 156 
TABLE 9-67: BIOMONITORING DATA FOR WCS 8 ς MAINTENANCE AND/OR CLEANING WORKERS FOR SPRAY AREAS AT GB SITES 

  .................................................................................................................................................. 157 
TABLE 9-68: BIOMONITORING DATA FOR WCS 8 ς MAINTENANCE AND/OR CLEANING WORKERS FOR SPRAY AREA(S) AT EEA 

SITES ........................................................................................................................................... 158 
TABLE 9-69: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 9 ς MAINTENANCE AND/OR CLEANING WORKERS 

(EXCLUDING SPRAY AREAS) .............................................................................................................. 159 
TABLE 9-70: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 9 ς MAINTENANCE AND/OR 

CLEANING WORKERS (EXCLUDING SPRAY AREAS) AT GB SITES ................................................................. 162 
TABLE 9-71: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 9 ς MAINTENANCE AND/OR 

CLEANING WORKERS (EXCLUDING SPRAY AREAS) AT GB SITES ................................................................. 163 
TABLE 9-72: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 9 ς MAINTENANCE AND/OR CLEANING WORKERS 

(EXCLUDING SPRAY AREAS) .............................................................................................................. 163 
TABLE 9-73: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 9 ς MAINTENANCE AND/OR CLEANING WORKERS 

(EXCLUDING SPRAY AREAS) .............................................................................................................. 164 
TABLE 9-74: BIOMONITORING DATA FOR WCS 9 ς MAINTENANCE AND/OR CLEANING WORKERS (EXCLUDING SPRAY AREAS) AT 

GB SITES ...................................................................................................................................... 165 
TABLE 9-75: BIOMONITORING DATA FOR WCS 9 ς MAINTENANCE AND/OR CLEANING WORKERS (EXCLUDING SPRAY AREAS) AT 

EEA SITES .................................................................................................................................... 166 
TABLE 9-76: CONDITIONS OF USE ς WORKER CONTRIBUTING SCENARIO 10 ς INCIDENTALLY EXPOSED WORKERS ............... 167 
TABLE 9-77: OVERVIEW OF AVAILABLE INHALATION EXPOSURE MEASUREMENTS FOR WCS 10 ς INCIDENTALLY EXPOSED 

WORKERS AT GB AND EEA SITES ...................................................................................................... 169 
TABLE 9-78: SUMMARY STATISTICS OF INHALATION EXPOSURE MEASUREMENTS FOR WCS 10 ς INCIDENTALLY EXPOSED 

WORKERS AT GB AND EEA SITES ...................................................................................................... 170 
TABLE 9-79: SUMMARY STATISTICS OF PERSONAL LONG-TERM EXPOSURE MEASUREMENTS FOR WCS 10 ς INCIDENTALLY 

EXPOSED WORKERS AT GB AND EEA SITES .......................................................................................... 172 
TABLE 9-80: MEASURED INHALATION EXPOSURE CONCENTRATION FOR WCS 10 ς INCIDENTALLY EXPOSED WORKERS ........ 173 
TABLE 9-81: RISK CHARACTERISATION FOR CARCINOGENICITY FOR WCS 10 ς INCIDENTALLY EXPOSED WORKERS ............... 174 
TABLE 9-82: BIOMONITORING DATA FOR WCS 10 ς INCIDENTALLY EXPOSED WORKERS AT GB SITES............................... 175 
TABLE 9-83: BIOMONITORING DATA FOR WCS 10 ς INCIDENTALLY EXPOSED WORKERS AT EEA SITES ............................. 175 

 
 



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers              StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT vii 

List of Figures 

FIGURE 9-1: SEQUENCE OF TREATMENT STEPS ........................................................................................................ 33 
FIGURE 9-2: EXAMPLE FOR A άTENTέ WITH MOBILE LEV INSTALLED IN A WORKING HALL TO PERFORM SPRAYING OUTSIDE OF A 

SPRAY ROOM/BOOTH/HANGAR DIRECTLY ON THE AIRCRAFT ..................................................................... 64 
FIGURE 9-3: EXAMPLES OF TOOLS USED FOR MACHINING ON SURFACES (ROTARY SANDER (A), FLAP WHEEL SANDER (B), BAND 

SANDER (C), ALL EQUIPPED WITH ON-TOOL EXTRACTION) ....................................................................... 108 
FIGURE 9-4: EXTRACTION BENCH (A) AND FETTLING BOOTH (B + C) USED FOR MACHINING ............................................ 108 
FIGURE 9-5: MANUAL ABRASION PERFORMED IN AN EXTRACTION BOOTH .................................................................. 109 
FIGURE 9-6: MACHINING PERFORMED IN A CONFINED SPACE (WING TANK) ................................................................ 110 
FIGURE 9-7: DIFFERENT TYPES OF MACHINING ACTIVITIES ON PARTS (BOLTING (A), DEBURRING (B), RIB DRILLING (C)) ........ 110 
FIGURE 9-8: MEDIA BLASTING IN CLOSED CABINET ................................................................................................ 131 
FIGURE 9-9: WORKER PERFORMING MEDIA BLASTING IN A ROOM/HALL (A + B) .......................................................... 141 
FIGURE 9-10: BOOTH EXTRACTION CONTROL PANEL ................................................................................................ 149 

 



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers               StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT 8 

 

 

 

Preliminary Remark 

 

This Chemical Safety Report (CSR) has been prepared on behalf of the applicants by the Aerospace 
and Defence Chromates Reauthorisation (ADCR) Consortium. 

 

Photos are for illustrative purposes only. PPE shown in the photos might be also driven by site-
specific considerations and by exposures other than to chromates. PPE requirements are laid down in 

the Condition of Use tables.  
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Part A 

1. SUMMARY OF RISK MANAGEMENT MEASURES 

The risk management measures implemented for the use applied for are documented in detail in the 
exposure scenario in Chapter 9 of this CSR. 

A succinct summary table of the risk management measures, and operational conditions is submitted 
with this application for authorisation. 

2. DECLARATION THAT RISK MANAGEMENT MEASURES ARE IMPLEMENTED 

Not applicable - as the applicants are not using the substance for this use (upstream application). 

3. DECLARATION THAT RISK MANAGEMENT MEASURES ARE COMMUNICATED 

We declare that the risk management measures described in the exposure scenarios in Chapter 9 of 
this CSR are communicated via safety data sheets in the supply chain.  
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Part B 

This application for authorisation uses the dose-response relationship established by the ECHA 
Committee on Risk Assessment (RAC) (see below). In this case, Chapters 1-8 of the CSR do not need to 
be provided as described in the ECHA ŘƻŎǳƳŜƴǘ ΨIƻǿ ǘƻ ŀǇǇƭȅ ŦƻǊ ŀǳǘƘƻǊƛǎŀǘƛƻƴΩ (ECHA, 2021). 
Relevant physico-chemical and environmental fate data used for modelling are taken from the 
literature as documented in section 9.1.2. 
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9 EXPOSURE ASSESSMENT (AND RELATED RISK 

CHARACTERISATION) 

9.1 Introduction 

9.1.1 {ǘǊǳŎǘǳǊŜ ƻŦ ǘƘƛǎ ŘƻǎǎƛŜǊ άUse of primer products other than wash or 
bonding primers containing strontium chromate and/or  pentazinc 
chromate octahydroxide and/or potassium hydroxyoctaoxodizincate 
dichromate in aerospace and defence industry and its supply chainsέ  

The Aerospace and Defence Chromates Reauthorisation (ADCR) Consortium on behalf of the applicants 
has developed several review reports and new applications for authorisation (AfA). These applications 
cover formulation and use of primer products containing chromates considered to be relevant by the 
ADCR consortium members (i.e., strontium chromate (StC), potassium hydroxyoctaoxodizincate 
dichromate (PHD), and pentazinc chromate octahydroxide (PCO)) in Great Britain. Although formally 
they are upstream applications submitted by manufacturers, importers or formulators of chromate-
containing chemical products, the applications are based on sector-specific data and detailed 
information obtained from actors throughout the supply chain.  

The ADCR consortium developed dossiers for these three substances with the following uses: 

- Formulation of primer products with strontium chromate and/or potassium 
hydroxyoctaoxodizincate dichromate for use in aerospace and defence industry and its supply 
chains (Review Report) 

- Use of bonding primers containing strontium chromate in aerospace industry and its supply 
chains (Review Report and New AfA) 

- Use of wash primers containing potassium hydroxyoctaoxodizincate dichromate in aerospace 
industry and its supply chains (Review Report) 

- Use of wash primers containing potassium hydroxyoctaoxodizincate dichromate and pentazinc 
chromate octahydroxide in aerospace industry and its supply chains (New AfA) 

- Use of primer products other than wash or bonding primers containing strontium chromate 
and/or potassium hydroxyoctaoxodizincate dichromate in aerospace and defence industry and 
its supply chains (Review Report) 

- Use of primer products other than wash or bonding primers containing strontium chromate 
and/or potassium hydroxyoctaoxodizincate dichromate and/or pentazinc chromate 
octahydroxide in aerospace and defence industry and its supply chains (New AfA) 

Table 9-1 provides an overview on ADCRΩs dossiers for chromates in primer products used in aerospace 
and defence industry and its supply chains, together with applicants and the total EEA tonnages per 
substance and use. 

This new AfA refers to the use άUse of primer products other than wash or bonding primers containing 
strontium chromate and/or pentazinc chromate octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate in aerospace and defence industry and its supply chainsέ. 

This CSR follows largely the methodology and requirements as given under EU REACH. ADCR developed 
similar CSRs for these uses for the situation in the European Economic Area (EEA) with the same 
approach. Exposure data from the EEA were partly used in this report where suitable to support the 
assessment for Great Britain (GB) sites. 
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Table 9-1: Overview on ADCR new Afas and review reports on chromates in primer products 

Use  Submission 
type  

Strontium chromate (StC)  Potassium hydroxyoctaoxodizincate 
dichromate (PHD)  

Pentazinc chromate octahydroxide 
(PCO)  

Formulation of primer 
products  

ARR  
Indestructible Paint Ltd  

PPG Industries (UK) Ltd  

CBI  PPG Industries (UK) Ltd  

  

CBI    
  

Use of wash primers  ARR  
    PPG Industries (UK) Ltd  

 
0.02 tpa    

  

New AfA  
    Boeing Distribution (UK) 

Inc.  

Wesco Aircraft EMEA Ltd  

0.02 tpa  Boeing Distribution (UK) 
Inc.  

Wesco Aircraft EMEA Ltd  

2.35 tpa  

Use of bonding 
primers  

ARR  
Cytec Engineered Materials Ltd 
in its legal capacity as Only 
Representative of Cytec 
Industries Inc  

Wesco Aircraft EMEA Ltd  

14.74 tpa          
  

New AfA  
Boeing Distribution (UK) Inc.  

Henkel Ltd  

14.74 tpa        
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Use  Submission 
type  

Strontium chromate (StC)  Potassium hydroxyoctaoxodizincate 
dichromate (PHD)  

Pentazinc chromate octahydroxide 
(PCO)  

Use of primer 
products other than 
wash or bonding 
primers  

ARR  
Cytec Engineered Materials Ltd 
in its legal capacity as Only 
Representative of Cytec 
Industries Inc  

Wesco Aircraft EMEA Ltd  

Indestructible Paint Ltd  

PPG Industries (UK) Ltd  

51.22 tpa  PPG Industries (UK) Ltd  

  

2.38 tpa    
  

New AfA  
Akzo Nobel Car Refinishes B.V.  

Mapaero SAS  

Boeing Distribution (UK) Inc.  

Mankiewicz UK LLP in its legal 
capacity as only representative 
for Finalin GmbH  

51.22 tpa  Boeing Distribution (UK) 
Inc.  

Wesco Aircraft EMEA Ltd  

2.38 tpa  Boeing Distribution (UK) 
Inc.  

Wesco Aircraft EMEA Ltd  

4.01 tpa  
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9.1.2 Introduction to the assessment 

9.1.2.1 Classification of the substances 

Strontium chromate (StC; Entry No. 29) and potassium hydroxyoctaoxodizincate dichromate (PHD; 
Entry No. 30) and pentazinc chromate octahydroxide (PCO; Entry No. 31) have been included into 
Annex XIV of Regulation (EC) No 1907/2006 (EU REACH) due to their intrinsic property to be 
carcinogenic. Table 9-2 shows that StC is classified as carcinogenic Cat. 1B while PHD and PCO are is 
classified as carcinogenic Cat. 1A. According to Article 62 (4)(d) of this Regulation, the chemical safety 
report (CSR) supporting an Application for Authorisation (AfA) needs to cover only those risks arising 
from the intrinsic properties specified in Annex XIV. Therefore, only the human health risks related to 
the classification of the chromate as carcinogenic are addressed in this CSR. This requires investigating 
the potential exposure of workers as well as exposure of humans via the environment. 

Table 9-2: Substance classification  

Substance 
name 

CAS No. EC No. Annex 
XIV 
Entry 
No. 

Intrinsic 
properties 
referred 
to in Art. 
57 

Formula Mol. 
weight 
[g/mol]  

Cr(VI) 
mol. 
weight 
fraction 

Cr(VI) - - -  Cr6+ 52.00 1 

Strontium 
chromate (StC) 

7789-06-2 232-142-6 29 Carc. 1B 1 CrO4Sr   2 203.61 0.26 

Potassium 
hydroxyocta-
oxodizincate 
dichromate 
(PHD) 

11103-86-9 234-329-8 30 Carc. 1A 3 Cr2HKO9Zn2 418.85 0.25 

Pentazinc 
chromate 
octahydroxide 
(PCO) 

49663-84-5 256-418-0 31 Carc. 1A 3 CrH8O12Zn5 579.00 0.090 

 

 

 
1 C&L inventory on ECHAΩǎ website: https://echa.europa.eu/de/information-on-chemicals/cl-inventory-database/-
/discli/details/53759; assessed in June 2023 

2 Formula and molecular weight for StC: https://www.chemicalbook.com/ChemicalProductProperty_EN_CB1184992.htm; 
assessed in June 2023 

3 PHD and PCO are members ƻŦ ǘƘŜ ƎǊƻǳǇ άȊƛƴŎ ŎƘǊƻƳŀǘŜǎ ƛƴŎƭǳŘƛƴƎ ȊƛƴŎ ǇƻǘŀǎǎƛǳƳ ŎƘǊƻƳŀǘŜά ǿƘƛŎƘ ƛǎ ƘŀǊƳƻƴƛǎŜŘ ŎƭŀǎǎƛŦƛŜŘ 
ƛƴ ǘƘŜ /ϧ[ ƛƴǾŜƴǘƻǊȅ ƻƴ 9/I!Ωǎ ǿŜōǎƛǘŜΥ https://echa.europa.eu/de/information-on-chemicals/cl-inventory-database/-
/discli/details/153421; assessed in June 2023 

https://echa.europa.eu/de/information-on-chemicals/cl-inventory-database/-/discli/details/53759
https://echa.europa.eu/de/information-on-chemicals/cl-inventory-database/-/discli/details/53759
https://www.chemicalbook.com/ChemicalProductProperty_EN_CB1184992.htm
https://echa.europa.eu/de/information-on-chemicals/cl-inventory-database/-/discli/details/153421
https://echa.europa.eu/de/information-on-chemicals/cl-inventory-database/-/discli/details/153421
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The carcinogenicity of StC and PHD, and PCO is driven by the chromate ion (with Cr in oxidation status 
+6 (or Cr(VI))), which is  released when the substances solubilise and dissociate. Exposure to chromate 
is expressed in units of Cr(VI) (converted by using the ratio of the molecular weights of the Cr(VI) ion 
and the overall substances). Also, the exposure-risk relationships proposed by the Committee for Risk 
Assessment (RAC) express exposure as units of Cr(VI). 

It has to be noted that some primer products may contain additional chromates, which can contribute 
to Cr(VI) exposure. This may be either a combination of several poorly soluble chromates covered by 
the ADCR consortium (i.e., a combination of StC/PHD/PCO) or a combination of one of these chromates 
with barium chromate (RAC Opinion for harmonised classification as carcinogenic, Cat. 1B, adopted in 
June 20234). Barium chromate is currently not listed in Annex XIV of EU REACH. 

9.1.2.2 Grouping approach for Cr(VI) compounds 

A grouping approach with all the three poorly soluble carcinogenic chromates covered by the ADCR 
consortium, i.e. strontium chromate (StC; Entry No. 29), potassium hydroxyoctaoxodizincate 
dichromate (PHD; Entry No. 30) and pentazinc chromate octahydroxide (PCO; Entry No. 31) is used in 
the quantitative assessment presented in this CSR, because: 

- All substances share this common toxic moiety (chromate, measured as Cr(VI)), and are 
therefore expected to exert effects in an additive manner, 

- At some sites several chromates may be used in parallel (e.g., because several chromates are 
contained in one product) or sequentially by a worker per shift (e.g., because different 
products containing diverse chromates are applied in sequence), leading to additive exposure 
for workers and additive environmental emissions. 

- It is not possible to identify which chromate is present in the primed parts surface (e.g., for 
machining, blasting, or sanding activities) contributing to worker exposure or environmental 
emissions. 

As a consequence of this grouping approach, a larger database of worker exposure and environmental 
emission data is considered for this use. Data from exposure to various primer products containing 
StC, PHD, and PCO are therefore included in the present assessment for activities which are performed 
under the same conditions for bonding, wash, or other types of primers. A correction factor taking into 
account the market shares of the chromates and primer types is then applied (for more details, see 
section 9.1.2.6.2 and Annex VII). 

Note that although not every new AfA/Review Report (RR) covers use of all three chromates, 
monitoring data for StC, PHD and/or PCO are included in the exposure and risk assessment due to the 
reasons described above. The handling of the individual chromates is comparable and thus their 
inclusion is assumed to have no relevant impact on the outcome of the risk assessment.  

9.1.2.3 Exposure-risk relationships (ERRs) for carcinogenic effects used for the assessment 

The hazard evaluation follows recommendations given by RAC (ECHA, 2015)5 for assessing carcinogenic 
risk, exposure-risk relationships are used to calculate excess cancer risks.  

 
4 Registry of CLH intention until outcome for barium chromate: https://echa.europa.eu/de/registry-of-clh-intentions-until-
outcome/-/dislist/details/0b0236e1848d1fab; assessed in October 2023 

5 !ƳŜƴŘƳŜƴǘ ƻŦ ǘƘŜ w!/ ƴƻǘŜ ά!ǇǇƭƛŎŀǘƛƻƴ ŦƻǊ !ǳǘƘƻǊƛǎŀǘƛƻƴΥ 9ǎǘŀōƭƛǎƘƛƴƎ ŀ ǊŜŦŜǊŜƴŎŜ ŘƻǎŜ-response relationship for 
ŎŀǊŎƛƴƻƎŜƴƛŎƛǘȅ ƻŦ ƘŜȄŀǾŀƭŜƴǘ ŎƘǊƻƳƛǳƳέ ǘƻ ƛƴŎƭǳŘŜ ǘƘŜ ƛƴǘǊƛƴǎƛŎ ǇǊƻǇŜǊǘȅ ά¢ƻȄƛŎ ǘƻ ǊŜǇǊƻŘǳŎǘƛƻƴέ ƻŦ ǘƘŜ /Ǌό±Lύ ŎƻƳǇƻǳƴŘǎ: 

 

https://echa.europa.eu/de/registry-of-clh-intentions-until-outcome/-/dislist/details/0b0236e1848d1fab
https://echa.europa.eu/de/registry-of-clh-intentions-until-outcome/-/dislist/details/0b0236e1848d1fab
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ECHA published on December 4, 2013 the document άApplication for Authorisation: Establishing a 
reference dose response relationship for carcinogenicity of hexavalent chromiumέ6 (ECHA, 2013a), 
which states the opinion of RAC that hexavalent chromium is a non-threshold carcinogen. 
Consequently, demonstrating adequate control is not possible and the socioeconomic analysis (SEA) 
route is applicable. The exposure-risk relationships published in this document from ECHA (2013a) are 
used to calculate excess cancer risks associated with the use(s) of Cr(VI) covered by this application. 
However, the resulting risk estimates likely overestimate the cancer risk. RAC states in its publication 
of the ERR (ECHA, 2013aύΥ ά!ǎ ǘƘŜ ƳŜŎƘŀƴƛǎǘƛŎ ŜǾƛŘŜƴŎŜ ƛǎ ǎǳƎƎŜǎǘƛǾŜ ƻŦ ƴƻƴ-linearity, it is 
acknowledged that the excess risks in the low exposure range might be an overestimateέ. 

The excess cancer risk characterisation for workers is solely based on inhalation exposure and the risk 
for lung cancer, as no information on the fraction of inhalable, but non-respirable particles is available, 
which prevents a differentiated consideration of inhalation and oral exposure of workers. This is also 
the standard procedure proposed by ECHA (2013a), as ECHA states: άLƴ ŎŀǎŜǎ ǿƘŜǊŜ ǘƘŜ ŀǇǇƭƛŎŀƴǘ ƻƴƭȅ 
provides data for the exposure to the inhalable particulate fraction, as a default, it will be assumed that 
ŀƭƭ ǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ƛƴ ǘƘŜ ǊŜǎǇƛǊŀōƭŜ ǎƛȊŜ ǊŀƴƎŜέ. Therefore, it is assumed that all Cr(VI)-bearing particles 
are of respirable sizes, and thus no oral exposure route is considered for worker inhalation. This is a 
conservative approach, since the potential lung cancer risk is at least an order of magnitude higher 
compared to the potential cancer risk for the digestive tract. 

The following exposure-risk relationships are used for estimating excess lung cancer risks for workers 
(inhalation). 

Table 9-3: Exposure-risk relationships for inhalation exposure of workers used for 

calculating cancer risks due to Cr(VI) exposure (from ECHA, 2013a)    

TWA Cr(VI) inhalation exposure concentration [˃g/m3]*  Excess lung cancer risk in workers [x 10-3] 

25 100 

12.5 50 

10 40 

5 20 

2.5 10 

1 4 

0.5 2 

0.25 1 

0.1 0.4 

 
https://echa.europa.eu/documents/10162/21961120/rac_35_09_1_c_dnel_cr-vi-_en.pdf/8964d39c-d94e-4abc-8c8e-
4e2866041fc6; assessed in June 2023 

6 ECHA Website: 
https://echa.europa.eu/documents/10162/13579/rac_carcinogenicity_dose_response_crvi_en.pdf/facc881f-cf3e-40ac-
8339-c9d9c1832c32; assessed in June 2023 

https://echa.europa.eu/documents/10162/21961120/rac_35_09_1_c_dnel_cr-vi-_en.pdf/8964d39c-d94e-4abc-8c8e-4e2866041fc6
https://echa.europa.eu/documents/10162/21961120/rac_35_09_1_c_dnel_cr-vi-_en.pdf/8964d39c-d94e-4abc-8c8e-4e2866041fc6
https://echa.europa.eu/documents/10162/13579/rac_carcinogenicity_dose_response_crvi_en.pdf/facc881f-cf3e-40ac-8339-c9d9c1832c32
https://echa.europa.eu/documents/10162/13579/rac_carcinogenicity_dose_response_crvi_en.pdf/facc881f-cf3e-40ac-8339-c9d9c1832c32
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TWA Cr(VI) inhalation exposure concentration [˃g/m3]*  Excess lung cancer risk in workers [x 10-3] 

0.01 0.04 

TWA: Time-weighted average, expressed in micrograms of Cr(VI) per cubic meter of air 

* Based on a 40-year working life (8h/day, 5 days/week). 

For the general population, oral (via drinking water and food) and inhalation exposure is considered, 
following recommendations of RAC (RAC did not identify cancer risks after dermal exposure for 
workers or the general population). For inhalation exposure, RAC again presented an exposure-risk 
relationship for lung cancer, whereas for oral exposure the focus was on an increased risk for tumours 
of the small intestine (ECHA, 2013a). As considered above for the assessment of worker exposure, it is 
assumed that all particles are in the respirable size range for inhalation exposure of the general 
population. 

The following exposure-risk relationships are used to characterise risks of the general population after 
exposure (over 70 years) of humans via the environment. 

Table 9-4: Exposure-risk relationships for inhalation exposure of general population used for 

calculating cancer risks due to Cr(VI) exposure (from ECHA, 2013a) 

Average Cr(VI) exposure concentration in 
ambient [ g˃/m3]*  

Excess lung cancer risk in the general population 
[x 10-3] 

10 290 

5 145 

2.5 72 

1 29 

0.5 14 

0.25 7 

0.1 2.9 

0.01 0.29 

0.001 0.029 

0.0001 0.0029 

*  Based on an exposure for 70 years (24h/day, every day). 
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Table 9-5: Exposure-risk relationships for oral exposure of general population used for 

calculating cancer risks due to Cr(VI) exposure of humans via environment (from 

ECHA, 2013a) 

Constant average oral daily dose of Cr(VI) 
ώ˃ƎκƪƎ ōǿκŘŀȅϐ* 

Excess small intestine cancer risk in the general 
population [x 10-4] 

10 80 

5 40 

2.5 20 

1 8 

0.5 4 

0.1 0.8 

*  Based on an exposure for 70 years (24h/day, every day) 

9.1.2.4 Environment 

Scope and type of assessment 

The chromates in Table 9-2 are not listed in Annex XIV for endpoints related to concerns for the 
environment. Therefore, no environmental assessment has been performed. However, the applicants 
duly apply and communicate risk management measures derived by the registrants due to other 
substance properties, which they communicated via the Safety Data Sheets (SDS). 

9.1.2.5 Exposure of humans via the environment 

9.1.2.5.1 Scope and type of assessment 

Exposure of humans to Cr(VI) via the environment (HvE) as a result of wastewater and air emissions 
from the sites of the applicants and downstream users covered by this CSR is considered in section 
9.2.3.1. With regard to oral exposure of humans via the environment, it has to be acknowledged that 
Cr(VI) is rapidly reduced to Cr(III) in many environmental compartments (ECB, 2005). Therefore, 
exposure to Cr(VI), estimated based on the release of Cr(VI) into environmental compartments may 
significantly overestimate human exposure via the environment. Moreover, several of the parameters 
necessary for environmental modelling (in particular the partition coefficients) are based on the log of 
the octanol-water partition coefficient (Kow) of a given substance. This parameter is of no relevance 
for inorganic substances such as Cr(VI), and therefore the calculated partition coefficients are not 
applicable.  

Apart from that, there is only limited data on the presence of Cr(VI) in food. In most cases, only total 
chromium was measured. According to a few studies, Cr(VI) generally amounts to less than 10% of 
total chromium (range 1.31-12.9%) (EFSA, 2014). Furthermore, some studies even indicate that foods 
of plant origin do not contain Cr(VI) at all and that the Cr(VI) levels measured are analytical artefacts 
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(EFSA, 2014). The same may be the case with foods of animal origin. Based on these data, the EFSA-
CONTAM Panel concluded Ψthat there is a lack of data on the presence of Cr(VI) in foodΩ and Ψdecided 
to consider all the reported analytical results in food as Cr(III)Ω (EFSA, 2014). Furthermore, the CONTAM 
Panel concluded that it can be assumed Ψthat all the chromium ingested via food is in the trivalent form 
(i.e., Cr(III)), in contrast to drinking water where chromium may easily be present in the hexavalent 
stateΩ, primarily due to the use of strong oxidizing agents in the treatment of drinking water (EFSA, 
2014). These considerations of the CONTAM Panel support the earlier evaluation of the EU Risk 
Assessment Report for chromates, in which the indirect oral exposure of HvE was assessed only on the 
basis of exposure via (drinking) water and the consumption of fish (ECB, 2005). The same approach is 
therefore followed here. 

This assessment focuses primarily on the carcinogenicity of Cr(VI) released from the chromates as the 
most relevant endpoint and compares the exposure estimates with the exposure-risk relationship 
derived by the RAC for the general population, as shown below in Table 9-6. 
 

Table 9-6: Type of risk characterisation required for humans via the environment 

Route of 
exposure and 
type of effects 

Endpoint 
considered and 
type of risk 
characterisation 

Hazard conclusion 

Dose ς response relationship 

Inhalation: 
Systemic Long 
Term 

Carcinogenicity 
Quantitative 

RAC dose-response relationship based on excess lung cancer 
risk (ECHA, 2013a) 

For general population; based on 70 years of exposure; 
24h/day: 

Exposure to 1 µg/m3 Cr(VI) relates to an excess risk of 2.9x10-2 *  

Oral: Systemic 
Long Term 

Carcinogenicity 
Quantitative 

RAC dose-response relationship based on excess cancer risk for 
tumours of the small intestine (ECHA, 2013a) 

For general population; based on 70 years of exposure: 

Exposure to 1 µg Cr(VI) /kg bw/day relates to an excess risk of 
8x10-4 

*  The cancer risk characterisation by inhalation for humans via the environment is solely considering risk for lung cancer, as 
no information on the fraction of inhalable, but non-respirable particles is available, which prevents a differentiated 
consideration of inhalation and oral exposure of humans via the environment. 

9.1.2.5.2 Comments on assessment approach 

In this section, we describe the approach to assess human exposure to Cr(VI) via the environment (HvE) 
resulting from the industrial use of the chromates covered in this CSR. Exposure via ambient air and 
oral exposure (through drinking water intake and consumption of fish) has been assessed at local 
levels. No regional assessment has been carried out as it can be assumed that Cr(VI) from any source 
will be reduced to Cr(III) in most environmental situations and therefore the effects of Cr(VI) as such 
are likely to be limited to the area around the source, as described in the EU Risk Assessment Report 
for chromates (ECB, 2005). The approach to not perform a regional assessment for human Cr(VI) 
exposure via the environment as part of AfAs for chromate uses was also supported in compiled RAC 
and SEAC (Socio-economic Analysis Committee) opinions on existing authorisations, as described for 
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example in the Opinion on an Application for Authorisation for the use of strontium chromate in primers 
applied by aerospace and defence companies and their associated supply chains (assessed on ID 0117-
017). This states that regional exposure of the general population is not considered relevant by RAC 
due to the transformation of Cr(VI) to Cr(III) that will occur rapidly under most environmental 
conditions. 

EUSES modelling of human exposure via the environment 

The assessment of human Cr(VI) exposure via the environment is based on emission measurements in 
air and wastewater from representative sites. Distribution and exposure modelling are carried out with 
the European Union System for the Evaluation of Substances (EUSES) software (v. 2.1.2).  

Release days 

For the considered exposure pathways air, water, and fish, 365 release days are always assumed. This 
approach is considered justified, because: 

¶ The air concentration (annual average local άtǊŜŘƛŎǘŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴέ όPEC) in 
air (total)) and the concentration in fish (calculated from the bioconcentration factor in fish 
and from the annual average local PEC in surface water (dissolved)) are based on annual 
average PEC values, on which the number of release days has no impact.  

¶ TƘŜ /Ǌό±Lύ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛƴ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƘƛƎƘŜǊ ƻŦ ǘƘŜ ǘǿƻ ǾŀƭǳŜǎ άannual 
average local PEC in surface water (dissolved)έ, which is independent of the number of release 
days, as described aboveΣ ŀƴŘ άlocal PEC in pore water of agricultural soilέ, where fewer 
release days would lead to an intermittently higher PEC value. If the concentration in drinking 
ǿŀǘŜǊ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ άlocal PEC in pore water of agricultural soilέ and if this value is 
temporarily increased due to intermittent release (of sewage sludge to agricultural soil with 
temporarily higher Cr(VI) concentrations), the concentration in drinking water would be 
temporarily higher than under the assumption of 365 release days. This is a very unrealistic 
scenario since a spatial and temporal distance between pore water of agricultural soil and 
drinking water would compensate for variations in Cr(VI) drinking water concentrations due 
to intermittent release of Cr(VI) to wastewater. Furthermore, the use of an intermittently 
elevated drinking water concentration for the calculation of a lifelong cancer risk via drinking 
water consumption would be an overestimation of the realistic risk and therefore, by 
considering 365 release days, a stable concentration in drinking water is calculated. 

¶ In this latter case, the άlocal PEC in pore water of agricultural soilέ is simply equated by EUSES 
ǎƻŦǘǿŀǊŜ ǿƛǘƘ ǘƘŜ άlocal concentration in groundwaterέΣ ǿƘƛŎƘ ƛǎ ǘŀƪŜƴ ŀǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ 
in drinking water (if the concentration is higher than the one derived from surface water; see 
above). As noted in the EUSES background report, equating the soil pore water concentration 
ǿƛǘƘ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ψis a worst-case assumption, neglecting transformation 
and dilution in deeper soil layersΩ. This conservatism would increase the unrealistic nature of 
intermittent release further and the use of an annual average exposure estimate is considered 
more adequate in the present context. 

 
7 RAC/SEAC Opinion on an Application for Authorisation for the use of strontium chromate in primers applied by aerospace 
and defence companies and their associated supply chains, consolidated version, 2018; 
https://echa.europa.eu/documents/10162/d2348195-b031-01bb-0ab8-04b9f7a53c44; assessed in December 2022 

https://echa.europa.eu/documents/10162/d2348195-b031-01bb-0ab8-04b9f7a53c44
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Sewage treatment plant (STP) 

For sites where wastewater is sent to a biological sewage treatment plant (STP), we have adjusted the 
default distribution of Cr(VI) in the sewage treatment plant (STP) used in EUSES (99.9% in water and 
0.1% in sludge) to 50% in water and 50% in sludge. This is based on the description given in the EU Risk 
Assessment Report (ECB, 2005) that during biological treatment 50% of Cr(VI) are released into the 
effluent and 50% are absorbed to sewage sludge. The application of sludge on agricultural soil (rate: 
5000 kg/ha/year) and grassland (rate: 1000 kg/ha/year) was considered according to the EUSES 
standard setting unless there was information to the contrary.  

Oral uptake via drinking water and fish 

The intake of pollutants via drinking water and fish, as modelled in EUSES, is unreasonably conservative 
and therefore, specific reduction factors are applied for risk calculations in the environmental 
contributing scenario (see section 9.2.3.1). The arguments why the EUSES calculations are overly 
conservative for these pathways, and derivation of reduction factors are described below: 

¶ Drinking water 

ŀύ [ƻŎŀƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛƴ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ōŀǎŜŘ ƻƴ ǘƘŜ ƭƻŎŀƭ t9/ ƛƴ ǎǳǊŦŀŎŜ ǿŀǘŜǊ όάannual 
average local PEC in surface water (dissolved)έύ: 

o The approach chosen is likely to έoverestimate the actual indirect exposure as the 

conversion of Cr (VI) to Cr (III) is expected to occur under the vast majority of environmental 

conditionsέ (ECB, 2005). This reduction is not considered in the exposure values calculated 

in EUSES. 

o 9¦{9{ ǘȅǇƛŎŀƭƭȅ ǎǇŜŎƛŦƛŜǎ ŀ άǇǳǊƛŦƛŎŀǘƛƻƴ ŦŀŎǘƻǊέ ǘƘŀǘ ŀŎŎƻǳƴǘǎ ŦƻǊ ǊŜƳƻǾŀƭ processes from 

surface water in deriving the concentration in drinking water, e.g., by evaporation or 

adsorption to suspended solids. However, the latter is estimated by log Kow and not by 

specific distribution coefficients. This approach is not feasible for inorganic substances and 

therefore the estimate does not account for adsorption to suspended particles as a 

removal process before and during drinking water purification. Although these effects are 

difficult to quantify, the value of 50% (i.e. reduction by factor 2) for adsorption to sewage 

sludge as applied in the EU RAR (ECB, 2005) (as described above) can serve as an indicator 

of the degree of Cr(VI) adsorption to suspended solids in surface water.  

o The local PEC in surface water is calculated for the mixing zone, neglecting the fact that for 

drinking water preparation additional water sources are added and dilution takes place. 

b) Local concentration in drinking water based on the άlocal PEC in pore water of agricultural 

soilέ: 

o The Cr(VI) concentration in groundwater is taken directly from the pore water 

concentration in the soil, which in turn is modelled from the Cr(VI) concentration in the 

soil. Cr(VI) reduction in soil is a well-known process and the EU Risk Assessment Report 

ǎǘŀǘŜǎ ǘƘŀǘ άchromium (VI) is reduced to chromium (III) by organic matter and this process 

occurs reasonably readily in soilsέ ŀƴŘ ŀǎǎǳƳŜǎ άchromium present in soil following 

application is in the form of chromium (III)έ (ECB, 2005). This reduction is not considered 

in EUSES modelling. 
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o In addition, EUSES calculates the deposition (the main relevant pathway of groundwater 

contamination) for a circle around the source with a radius of 1000 m (RIVM, 2004), so 

that the resulting groundwater concentration only applies to the groundwater below this 

area. 

o EUSES modelling of the concentration in groundwater is based on a simple algorithm that 

equates the concentration of a substance in groundwater with its concentration in the 

pore water of the soil (RIVM, 2004)Φ ¢ƘŜǎŜ ŀǳǘƘƻǊǎ ǎǘŀǘŜ ǘƘŀǘ άthis is a worst-case 

assumption, neglecting transformation and dilution in deeper soil layersέΦ 

o Like for surface water, any additional dilution with other groundwater or surface water for 

drinking water preparation is not considered. 

Overall, the conservatism of EUSES with respect to exposure to drinking water is classified as 

άworst caseέ by the software developers (RIVM, 2004). 

Against the background of these substance-specific and model-inherent considerations, the 

estimate for local exposure via drinking water is regarded as unreasonable. The effects of all 

these issues are not quantifiable, but a general reduction of the local Cr(VI) concentration in 

drinking water, calculated in EUSES, by a factor of 5 due to the above factors, seems to be 

appropriate. Still, this is considered to result in a conservative exposure estimate. 

¶ Fish 

1) In EUSES, a default consumption of 115 g fish per day is used, which overestimates the realistic 
human daily intake of fish on a long-term basis. According to the food consumption data for 
humans in Europe, as accessible in the PRIMo ς Pesticide Residue Intake Model8 (v.3.1) of the 
European Food Safety Authority (EFSA), the maximum of the mean consumption of fish (and 
fish- and marine-/freshwater-products) is 29.3 g per day9. This amount is approximately 4-fold 
lower (factor 3.9) than the default consumption used in EUSES, most likely due to the fact that 
it reflects a long-term estimate (i.e., most people do not eat fish every single day). 

2) Lǘ Ƴǳǎǘ ōŜ ƴƻǘŜŘΣ ǘƘŀǘ ά(p)eople do not consume 100% of their food products from the 
immediate vicinity of a point source. Therefore, the local assessment represents a situation 
which does not exist in realityέ (ECHA, 2016a). 

From argument 1) (almost) a reduction factor of 4 can be assumed and although argument 2) is 
not scientifically verifiable, it certainly makes up more than a factor of 1.25. Thus, combining these 
two arguments, a total reduction factor of 5 can be derived, which is assumed to be sufficiently 
conservative to also cover, for example, that some countries have not indicated long-term 
consumption quantities to EFSA (and are thus not represented in the PRIMo Model). Adding 

 

8 In the PRIMo ς Pesticide Residue Intake Model (v.3.1) of the European Food Safety Authority (EFSA) food consumption data 
for individuals of different age groups in numerous European countries are listed. The model can be accessed via 
https://www.efsa.europa.eu/en/applications/pesticides/tools (accessed in December 2022). 

More detailed information on the model is under the following links: 
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5147 and 
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/sp.efsa.2019.EN-1605 

9 The value was provided for Germany (general population) based on the daily intake (reported in the PRIMo model in g/kg 
bw and day), multiplied by the body weight (reported in kg). The value represents the maximum of the mean values reported 
for different countries and population groups (e.g., children, adults, general population). 

https://www.efsa.europa.eu/en/applications/pesticides/tools
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5147
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/sp.efsa.2019.EN-1605
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further to the conservatism, it must be noted that the value derived from the data in the PRIMo 
ƳƻŘŜƭ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ Ψfish, fish products and other marine and freshwater food 
producǘΩ and therefore include food items that are unlikely to be sourced from the immediate 
vicinity of the site assessed. 

Inhalation exposure 

The following must be considered for local inhalation risks: The concentration in air and deposition are 
estimated in EUSES with the Operational Priority Substances (OPS) model that is embedded in EUSES 
(de Bruin et al., 2010; Toet and de Leeuw, 1992). When EUSES was developed, conservative input 
values were chosen (e.g., stack height of 10 m, no excess heat of the plume emitted compared to 
environmental temperature and an ideal point source). For a stack height of 10 m, the maximum 
concentration is modelled at a distance of 100 m from the source and this distance was set as the 
default distance for the local PECair in EUSES. The developers of the OPS model at the Dutch RIVM 
analysed the impact of these conservative default settings on the estimated concentration in air and 
on the total deposition. For example, they noted ǘƘŀǘ Ψ[i]ncreasing the stack height from 10 to 50 m 
lowers the maximum concentration by a factor 40Ω ŀƴŘ ς considering all factors ς ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ Ψair 
concentration and total deposition used for risk assessment purposes are likely to be overestimated 
due to over-conservative default settings used in the standard scenario in EUSESΩ(de Bruin et al., 2010). 
In the light of these findings, the inhalation risk estimates presented in this report are highly 
conservative. 

Site-specific release fractions 

Data for monitoring of Cr(VI) releases to water and air are available from several sites. Release fractions 
for Cr(VI) emissions to water, air and soil were derived from the site-specific emission data and 
tonnages of used chromates. These releases are generally governed by, and comply with, local worker 
and environmental regulatory requirements.  

For some sites, the calculated release fractions may be overestimated (e.g., because the site has 
emissions from spraying and from sanding of surfaces but does not itself spray the parts to be sanded 
(e.g., during aircraft repainting), so the site can only report tonnages for its spraying activities, that are 
used to calculate release fractions). In addition, for sites that only reported emission data but no 
tonnage (e.g., sites with emissions from removal or machining of surfaces) we used a placeholder 
tonnage to calculate the release fractions. For these sites it is indicated in the table in Annex III that 
the release fraction does not correspond to the actual tonnage used at the site and shall therefore be 
disregarded. It should be noted that the release fraction is in EUSES only used as a basis for entering 
the emission values and has no effect on the calculated exposure value (the emissions are the relevant 
parameters). 

For some sites with Cr(VI) emissions from several chromates, we could allocate the measured 
emissions to the chromates used via the use quantities of the different products at the sites. However, 
for most sites this was not possible (e.g., because a breakdown of the use quantities per product could 
not be provided). For such sites, we used generic factors according to which we distributed the 
emission to the three chromates. The factors are based on the market shares of each chromate and 
(primer-type specific) use in EEA. We also applied these factors for sites where sanding, machining or 
blasting of surfaces contributes to emissions because a) it is usually unknown to the site which precise 
chromates are present in the surface and b) the company measuring emissions from such sources 
cannot provide information on the amount of chromates used. The exact factors used for StC, PCO, 
and for PHD are reported in Annex VII of this CSR. 
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Wastewater  

Wastewater containing Cr(VI) may occur for example from cleaning activities (i.e., rinsing water, water 
from gun cleaning station, in case of water-based primer products, water from spray hangar cleaning) 
and e.g., from extraction system with water curtain in a spray booth. At all sites wastewater is collected 
and then either 

¶ sent to an external waste management company (licensed contractor) where it is treated as 
hazardous waste (this is the way it is done by most sites) or  

¶ discharged into a special treatment facility. 

The special treatment facility can be located on-site or external where the water is transferred via 
underground pipes. In the special treatment facility, the Cr(VI) in wastewater is reduced to Cr(III) by 
addition of a reducing agent (e.g., sodium metabisulphite, ferrous sulphate, or ferric chloride solutions) 
in excess of stoichiometry. Usually, reduction efficiency is measured by a redox probe. Following the 
reduction step, the wastewater pH is neutralized, and Cr(III) is precipitated. After monitoring of the 
Cr(VI) concentration in the reduced wastewater, the wastewater is usually mixed with other non-Cr(VI) 
containing waste solutions. The wastewater is then discharged to an external municipal 
wastewater/sewage treatment plant for further treatment prior to discharge to receiving waters (river, 
canal, or sea). 

Air 

Air from working areas where aerosols/dusts containing Cr(VI) arise (e.g., spray rooms/booths/hangars 
or extraction rooms/booths/cabins/benches for certain machining activities) is exhausted and treated 
in filters or wet scrubbers prior to external release.  

Soil 

There is no direct release to soil, based on equipment and procedures in place.  

Waste 

Solid waste containing Cr(VI) may arise for example in the form of empty chemical containers, cleaning 
materials (e.g., rags, wipes), contaminated equipment (e.g., filters or paint brushes), disposable PPE, 
paper/foil wall covers in spraying areas or masking tape. Waste materials containing Cr(VI) are 
classified and treated as hazardous wastes according to UK regulations. Any solid or liquid waste is 
collected by an external waste management company (licensed contractor) for disposal as hazardous 
waste. 

Substance-specific input values 

We use the substance-specific physico-chemical properties of StC as an input to model the behaviour 
of Cr(VI) with EUSES. A comparative EUSES assessment, where an identical example exposure scenario 
was calculated with the different substance-specific physico-chemical properties of StC, PHD, and PCO 
showed that the results were identical. Accordingly, EUSES modelling based on environmental 
emission measurements, where chromates other than StC contribute to the measured Cr(VI) 
concentration, allows a risk assessment to be performed with the physico-chemical parameters of StC, 
without underestimating the predicted environmental concentrations. The physico-chemical 
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properties of PCO and PHD, which were used for modelling, and the results of the comparative EUSES 
assessment, are provided in Annex I of the CSR. 

The physico-chemical properties of StC are used in this assessment to model the environmental 
release. For environmental fate modelling, data available for Cr(VI) are used, as the chromate ion is 
the moiety relevant for distribution via water and soil. Table 9-7 shows the physico-chemical properties 
of StC and the environmental fate properties of Cr(VI) required for EUSES modelling, as given in the EU 
Risk Assessment Report (ECB, 2005).  

Table 9-7: Physico-chemical properties of StC and environmental fate properties of Cr(VI) 

required for EUSES modelling  

Property Description of key 
information 

Value selected for 
EUSES modelling 

Comment 

Molecular weight 203.61 g/mol 100 g/mol Refers to StC; value used in Annex XV 
dossier for StC (ECHA, 2013b) 

Melting /freezing 
point 

n/a, decomposes at 
ca. 500 °C into 
chromium (III) oxide  

500°C Refers to StC; value used in Annex XV 
dossier for StC (ECHA, 2013b) 

Boiling point n/a, decomposes at 
ca. 500 °C into 
chromium (III) oxide 

500°C Refers to StC; value used in Annex XV 
dossier for StC (ECHA, 2013b) 

Vapour pressure  n/a: inorganic ionic 
compound 

0.00001 Pa n/a; dummy value entered 

Log Kow n/a: inorganic ionic 
compound 

0 n/a; dummy value entered 

Water solubility ca. 1.2 g/L at 20 °C  1.2 g/L at 20 °C Refers to StC, value used in Annex XV 
dossier for StC (ECHA, 2013b) 

Kp suspended 
matter 

 1100 L/kg Refers to Cr(VI); value for acidic and 
alkaline conditions given in ECB 
(2005), mean value is used; see text 
below for details 

Kp sediment  550 L/kg Refers to Cr(VI); value for acidic and 
alkaline conditions given in ECB 
(2005), mean value is used; see text 
below for details 

Kp soil  26 L/kg Refers to Cr(VI); value for acidic and 
alkaline conditions given in ECB 
(2005), mean value is used; see text 
below for details 



Copy right protected ς Property of Members of ADCR Consortium ς No copying/use allowed  

July 2024                Use of primer products other than wash or bonding primers               StC, PCO, PHD  

Non-confidential version CHEMICAL SAFETY REPORT 26 

Property Description of key 
information 

Value selected for 
EUSES modelling 

Comment 

Bioconcentration 
factor fish 

1 L/kg 1 L/kg Refers to Cr(VI); value used in ECB 
(2005) 

We derived the solids-water partition coefficients in suspended matter (Kp suspended matter), in 
sediment (Kp sediment) and in soil (Kp soil) for Cr(VI) from Table 9-7 as follows (see Table 9-8). In the 
EU Risk Assessment Report for chromates (ECB, 2005), the Cr(VI) partition coefficients are given for 
suspended matter, sediment and soil under acidic and alkaline conditions. The mean value of the 
partition coefficients under acidic and alkaline conditions was calculated for each compartment 
because (a) it reflects the range of values and (b) the underlying data ς especially for Kp suspended 
matter and Kp sediment ς are not very well founded, which hinders a more reliable prediction of these 
parameters.  

Table 9-8: Partition coefficients for Cr(VI) for suspended matter, sediment and soil under 

acid and alkaline conditions, as given in ECB (2005) 

Partition coefficient *  !ŎƛŘ ŎƻƴŘƛǘƛƻƴǎ όǇI Җрύ !ƭƪŀƭƛƴŜ ŎƻƴŘƛǘƛƻƴǎ όǇI җсύ Mean 

Kp suspended matter 2 000 L/kg 200 L/kg 1 100 L/kg 

Kp sediment 1 000 L/kg 100 L/kg 550 L/kg 

Kp soil 50 L/kg 2 L/kg 26 L/kg 

*  All Kp values refer to partitioning between water and the solid phase indicated. 

In the absence of any specific data for StC, PCO and PHD, we use these mean partition coefficients for 
EUSES modelling. However, we consider this to be a conservative approach due to the low water 
solubility of the three chromates (between 1.5 and 0.02 g/L), which would be expected to be 
associated with higher partition coefficients (the higher the solids-water partition coefficient, the less 
substance enters the water phase). The studies described in the EU Risk Assessment Report for 
chromates (ECB, 2005) are mostly related to total chromium and Cr(VI) in the environment but 
conclusions on the source chromate are usually not possible. Assuming, that the data available in the 
EU Risk Assessment Report include also the poorly water-soluble chromates, it can be expected that 
their partition coefficients are rather at the upper end of the range described in the EU Risk Assessment 
Report, i.e., more in the range of the partition coefficients described for acidic conditions. 

To assess the impact of the selected partition coefficients, we conducted a sensitivity analysis with 
EUSES, where an exemplary exposure scenario (with use of biological STP) was carried out using (a) 
the coefficients for alkaline conditions, (b) the calculated mean values or (c) the coefficients for acidic 
conditions. Using the mean partition coefficients, a total risk (sum of dose from drinking, fish, and air) 
of 2.59E-05 was calculated, compared to a risk of 1.43E-05 using the highest partition coefficients 
(under acidic conditions). The detailed results are given in Annex II of this report.  
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9.1.2.6 Workers 

9.1.2.6.1 Scope and type of assessment 

No professional or consumer uses are applied for in this application for authorisation, and such uses 
are therefore not part of this chemical safety report (CSR). 

The three chromates have been included in Annex XIV of the REACH Regulation for their carcinogenic 
properties. As regards this toxicological effect, the assessment is limited to the inhalation exposure 
pathway: indeed, according to w!/ άthere are no data to indicate that dermal exposure to Cr(VI) 
compounds presents a cancer risk to humansέ ό9/I!Σ нлмоύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǉǳŀƴǘƛǘŀǘƛǾŜ occupational 
exposure estimation and risk characterisation for carcinogenic effects focuses on inhalation exposure 
of workers.  

Table 9-9: Type of risk characterisation required for workers 

Route of exposure and type 
of effects 

Endpoint considered and 
type of risk characterisation 

Hazard conclusion 

DNEL/ dose ς response relationship 

Inhalation: Systemic Long 
Term 

Carcinogenicity 

Quantitative 

RAC dose-response relationship based 
on excess lifetime lung cancer risk 
(ECHA, 2013a) 

For workers; based on 40 years of 
exposure; 8h/day; 5 days/week 

Exposure to 1 µg/m3 Cr(VI) relates to 
an excess risk of 4x10-3 *  

*  The cancer risk characterisation for workers by inhalation is solely based on inhalation exposure and the risk for lung cancer, 
as no information on the fraction of inhalable, but non-respirable particles is available, which prevents a differentiated 
consideration of inhalation and oral exposure of workers. 

A qualitative risk characterisation with respect to the skin sensitising properties of StC (classified as 
Skin Sens. 1 based on respective joint entries of registrants) and the two zinc chromates PCO and PHD 
(harmonised classification as classified as Skin Sens. 1) is outside the scope of this CSR, as they have 
been included in Annex XIV to Regulation (EC) No 1907/2006 (REACH) solely due to their carcinogenic 
properties (see section 9.1.2.1). According to REACH, Article 62(4)(d), the CSR supporting an AfA needs 
to cover only those potential risks arising from the intrinsic properties specified in Annex XIV. The 
applicants duly apply and communicate risk management measures derived by the registrants of the 
chromates due to other substance properties related to human health concerns, which they 
communicated via the Safety Data Sheets (SDS). 

9.1.2.6.2 Comments on assessment approach 

General approach 

The potential for exposure depends on the specific tasks identified for each use, as described below in 
the respective sections. Based on the process characteristics and properties of chromates as non-
volatile substances, all potential inhalation exposure will be due to aerosols/dusts containing Cr(VI).  
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Machining on Cr(VI) treated surfaces (e.g., sanding, grinding) or parts (e.g., drilling, milling) may lead 
to Cr(VI) exposure via inhalation of fine dust particles that are generated. Therefore, these tasks are 
included in the assessment.  

Inhalation exposure of workers is assessed via reliable and representative workplace air 
measurements. We have assigned eȄǇƻǎŜŘ ǿƻǊƪŜǊǎ ǘƻ ά{ƛƳƛƭŀǊ 9ȄǇƻǎǳǊŜ DǊƻǳǇǎέ ό{9DǎύΣ ǿƘƛŎƘ 
comprise groups of workers performing similar tasks and, hence, are assumed to experience similar 
exposures. Measured data covering main tasks of a certain SEG are pooled (e.g., monitoring values 
covering the task "Primer application by manual spraying in spray room" are considered for the SEG 
"Spray operators for manual spraying in spray room/booth"). Generally, worker monitoring data are 
assigned to all uses for which tasks were performed during measurements. 

Note that some primer products contain barium chromate in addition to the chromates covered under 
the present use , which then contributes to Cr(VI) exposure of workers. Also, a worker might during a 
workplace air measurement sequentially apply primer products covered under the present use (e.g., 
worker sprays first protective primers) and afterwards applies a product containing a different 
chromate (e.g., chromium trioxide during slurry coating). It is not possible to quantify and 
proportionally allocate part of the measurement according to each chromate used. Accordingly, 
measurement values with contributions of exposure from such chromates can lead to an 
overestimation of exposure from the present use.  

Further, monitoring data considered for the present use also include measurements (at least partly) 
related to use of bonding or wash primers containing StC, PHD and/or PCO covered by separate 
applications (either new AfAs or Review Reports). Differentiation of the measurement data according 
to uses is not possible. However, since the maximum Cr(VI) concentration in primer types of the 
present use are higher than the maximum concentrations in these other two uses and as the conditions 
of use between the different primer types are comparable, we consider these data not to have a 
discernible impact on the calculated exposure values (90th percentiles) for workers.  

Still, for the exposure assessment we consider that workers spend only part of their time on the 
present use (across all sites). After calculating the 90th percentile based on exposure data for all three 
uses, we account for this by multiplying the exposure value by a factor based on market shares of the 
chromates and primer types covered under the present use (similar to the approach described in 
section 9.1.2.5.2). The exact factors used for StC, PCO, and for PHD are reported in Annex VII of this 
CSR. For some WCS, for which we have specific information that only certain primer types are used, 
we further adjust this factor by giving more weight to the use of individual primer types: for example, 
in the WCS for sprayers in a dedicated spray hangar (section 9.2.3.3), protective primers (covered 
under the present use) and wash primers (covered under separate applications) are used, while 
bonding primers (covered under separate applications) are not used. 

Measurement methods with varying sensitivity are applied. For values below the limit of quantification 
(LOQ), EN 689:2018 (Workplace exposure ς Measurement of exposure by inhalation to chemical 
agents ς Strategy for testing compliance with occupational exposure limit values) recommends 
statistical approaches to estimate the arithmetic or geometric mean in case of values below LOQ. 
However, due to the heterogeneity of our datasets (which come from different sites, with 
measurements performed by different service providers) these approaches are not feasible. Two other 
methods for treating such values, the use of LOQκҞн ƻǊ LOQ/2, are discussed in literature. The use of 
LOQ/2 is preferred for data sets with a geometric standard deviation >3 and the use of LOQκҞн ƛǎ 
preferred for data sets with a geometric standard deviation <3 (Morton and Lion, 2016; Succop et al., 
2004). The resulting values of both methods likely overestimate mean values but are expected to have 
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no influence on the 90th percentile of worker measurements considered in this CSR for exposure 
estimation. Since the use of LOQ/2 is a frequently used practical approach accepted by ECHA for the 
environmental part, we have used LOQ/2 for values <LOQ in the present exposure assessments (ECHA, 
2016a; U.S. EPA, 2019).  

For the assessment of inhalation exposure, we included individual exposure values provided by 
numerous sites either via Article 127H notification monitoring template (elaborated by previous 
consortia of initial AfAs under EU REACH) or the original monitoring reports. These exposure values 
are accompanied by varying degrees of contextual information (e.g. primer products names, tasks 
carried out during measurement, OC/RMMS, method of sampling, etc.). Where sites could not provide 
the individual data but only statistical determinants (e.g., geometric mean, MIN, MAX), we did not 
consider them in the assessment.  

Personal monitoring data, with sampling heads in ǘƘŜ ǿƻǊƪŜǊΩǎ ōreathing zone and with sampling 
durations which allow to acquire sufficient analytical mass and interpret measured values as shift-
average values are preferred for inhalation exposure assessment. Stationary (also called static) 
measurements are included in the descriptions of worker exposure but are only used as supporting 
information. 

As the focus of the exposure assessment is on carcinogenic risks over a work life, the long-term average 
(chronic) exposure would be the most appropriate measure. ECHA Guidance on Information 
Requirements and Chemical Safety Assessment, R.14: Occupational exposure assessment 
recommends use of the 90th percentile, without differentiating between health endpoints (ECHA, 
2016b). We have followed the recommendation in the ECHA guidance to use the 90th percentile, 
although this is considered very conservative (as the data reflect measurement uncertainty as well as 
day-to-day (intra-individual) and inter-individual variation of exposure).  

Biological monitoring data are a requirement of the 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ implementing decisions 
on the initial authorisations for workers performing surface treatment by spraying (large parts) in 
purpose-designed room, surface treatment by spraying in spray cabin/spray booth, surface treatment 
by spraying outside of paint-booth, and machining or sanding operations. For this reason, we report 
biomonitoring data available for these tasks, but do not use them for quantitative exposure 
assessment because as biological indicators they have some limitations: 

- The measure of chromium in erythrocytes is the only one which is specific to Cr(VI). However, the 
available literature data on the general population and on workers are insufficient to determine 
reference values and limit values for this indicator (ANSES, 2017). The German method provides a 
correlation between biomonitoring in erythrocytes and inhalation exposures but only for CrO3 
concentrations above 30 µg/m3, which is above what is expected in these exposures (Greim, 2000). 
Additionally, few sites apply biomonitoring in erythrocytes, as it is an invasive method using blood 
sampling and is thus difficult to use consistently as a method of estimating exposure. 

- Urinary biomonitoring does not allow a differentiation between Cr(III) and Cr(VI) (Drexler and 
Hartwig, 2009). A biological monitoring guidance value (BMGV) of 10 µmol Cr/mol creatinine was 
established in the UK to assess total chromium in urine (SEA, 2018).  

- Finally, chromium levels in biomonitoring studies are influenced by factors other than occupational 
exposure (e.g., geographical region, smoking status, intake from food and drinking water etc.), 
making the interpretation of the measurements as regards their relation to occupational exposures 
difficult.  
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Therefore, we consider biological monitoring an additional exposure control tool allowing assessment 
of higher exposures via various pathways but do not use them for the quantitative exposure and risk 
assessment. 

Comments on assessment approach related to toxicological hazard: 

Dose-response relationships for carcinogenic effects as proposed by RAC are used for risk 
characterisation.  

Comments on assessment approach related to physico-chemical hazard: 

Physico-chemical hazards are not in the scope of this document. 

General information on risk management related to toxicological hazard: 

Information on risk management measures implemented and a comparison with obligations from 
previous applications for authorisation are provided in chapter 9.2.1. 

General information on risk management related to physico-chemical hazard: 

Physico-chemical hazards are not in the scope of this document. 

9.1.2.7 Consumers 

Consumer uses are not subject of this new AfA.  
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9.2 Use 1: άUse of primer products other than wash or bonding 
primers containing strontium chromate and/or  pentazinc 
chromate octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate in aerospace and 
defence industry and its supply chainsέ 

9.2.1 Overview of use and exposure scenarios 

9.2.1.1 Introduction  

This new AfA covers the άUse of primer products other than wash or bonding primers containing 
strontium chromate and/or pentazinc chromate octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate in aerospace and defence industry and its supply chainsέΦ Lǘ ǿŀǎ 
prepared on behalf of the applicants by the Aerospace and Defence Chromates Reauthorisation (ADCR) 
consortium to cover uses of chromium (VI) compounds in their supply chains in GB. The CSR is based 
on sector-specific knowledge provided by companies operating within the aerospace and defence 
industry and its supply chains.  
This CSR covers the use of the two poorly soluble Cr(VI) compounds StC, PCO, and PHD in a grouping 
approach (see section 9.1.2.2 for the justification).  

The exposure scenarios (ES) and contributing scenarios of this new AfA were elaborated in the 
following ways: 

1) This new AfA follows a substance grouping approach (see section 9.1.2.2). At several sites, more 
than one chromate is used in parallel or in subsequent steps during the application of primer 
products. Exposure of workers and of humans via the environment may come from different 
substances and therefore, an assessment considering all of them is appropriate. 

2) In this new AfA we have identified similar exposure groups (SEGs) of workers for the use considered 
here, and the SEGs are described in separate worker contributing scenarios. 

3) Each contributing scenario covers the relevant processes and individual tasks performed by the 
respective group of workers in relation to the use and describes the operating conditions (OCs) and 
risk management measures (RMMs) for the individual tasks involving Cr(VI) exposure. The Cr(VI) 
exposure from these activities is quantified by personal air measurements. In this way, Cr(VI) 
inhalation exposures from all relevant tasks performed by a SEG during its daily work are considered 
and combined for risk assessment. 

4) In the environmental contributing scenario of this new AfA the assessment of humans via the 
environment is considered via the inhalation route and the oral route. Emission data for releases 
to air and wastewater serve as a basis for EUSES modelling of human exposure via several 
environmental media (ambient air, drinking water, fish). 

The exposure scenarios and contributing scenarios of this new AfA are shown below in Table 9-10. 
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9.2.1.1.1 Scope of use ς supply chain considerations 

This CSR covers the Use of primer products other than wash or bonding primers containing strontium 
chromate and/or pentazinc chromate octahydroxide and/or potassium hydroxyoctaoxodizincate 
dichromate in aerospace and defence industry and its supply chains. This use is performed in GB in 
exclusively industrial settings in the following levels of the supply chain: 

¶ Original Equipment Manufacturer (OEM) 

¶ Downstream user ς Build-to-print fabricator 

¶ Downstream user ς Design-to-build manufacturer, and 

¶ Maintenance, Repair, and Overhaul (MRO) companies 

The present use typically involves one environmental contributing scenario for the use of StC and/or 
PCO and/or PHD at an industrial site. 

Table 9-10 lists all the exposure scenarios (ES) and contributing scenarios assessed in this chapter. 

Table 9-10: Overview of exposure scenarios and their contributing scenarios 

ES number ES Title Environmental release category 
(ERC)/ Process category (PROC) 

ES1-IW1 Use of primer products other than wash or 
bonding primers containing strontium 
chromate and/or pentazinc chromate 
octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate in 
aerospace and defence industry and its 
supply chains ς use at industrial site 

 

Environmental contributing scenario(s) 

ECS 1 Use of primer products other than wash or 
bonding primers containing strontium 
chromate and/or pentazinc chromate 
octahydroxide and/or potassium 
hydroxyoctaoxodizincate dichromate ς use 
at industrial site leading to inclusion (of 
Cr(VI) or the reaction products) into/onto 
article 

ERC 5 

Worker contributing scenario(s) 

WCS 1 Spray operators for manual spraying in spray 
room/booth 

PROC 5, PROC 7, PROC 8b, PROC 9, 
PROC 28 

WCS 2 Spray operators for manual spraying in a 
dedicated spray hangar 

PROC 5, PROC 7, PROC 8b 

WCS 3 Operators performing brushing/rolling  PROC 10 

WCS 4 Machinists  PROC 21, PROC 24 
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ES number ES Title Environmental release category 
(ERC)/ Process category (PROC) 

WCS 5 Sanders in a dedicated hangar PROC 21, PROC 24 

WCS 6 Workers performing media blasting in closed 
system 

PROC 21, PROC 24 

WCS 7 Workers performing media blasting in a 
room/hall 

PROC 21, PROC 24 

WCS 8 Maintenance and/or cleaning workers for 
spray area(s) 

PROC 8b, PROC 28 

WCS 9 Maintenance and/or cleaning workers 
(excluding spray areas) 

PROC 28 

WCS 10 Incidentally exposed workers PROC 0 

Exposure scenario for industrial end use at site: ES1-IW1 

9.2.1.1.2 Relationship between uses 

Primer products are applied to metallic surfaces that may have been previously galvanically or 
chemically treated using chromates (e.g., by anodising or chemical conversion coating, using chromium 
trioxide or dichromium tris(chromate)). Such surface treatments have been subject of applications 
submitted previously by the ADCR Consortium for the use of water-soluble chromates and are not 
addressed in this application. The galvanic or chemical treatments are typically performed on 
individual components of aircraft ŀƴŘκƻǊ ƎǊƻǳƴŘπōŀǎŜŘ ŘŜŦŜƴŎŜ ŜǉǳƛǇƳŜƴǘ at sites or site areas 
different from those applying primer products. Only the application of chemical conversion coating 
using touch-up pens may also be performed by the workers covered by the present use, for example 
during MRO work. Where necessary, this is typically carried out prior to the application of the primer 
layer(s).  

Primer products are applied either as one layer (usually on new aircrafts but also possible for MRO) or 
as two layers (during MRO work). The primer products applied may contain either StC, PCO, or PHD (in 
some cases also a combination thereof may be possible). Typically, when two layers of primer products 
are applied, the first layer is a wash primer (not containing StC; wash primers not being subject to the 
present application), and the second layer is a protective primer. On top of Cr(VI) primer products 
Cr(VI)-free coatings are applied (e.g., topcoat). The sequence of treatment steps is shown in Figure 9-1. 

 

 

 

 

 

Figure 9-1: Sequence of treatment steps 

Optional: 
Treatment with 
or without Cr(VI) 

Use of primer 
products 

containing StC, 
and/or PHD

Optional: Use of 
primer products 
containing StC, 

PCO or PHD

Cr(VI)-free 
coatings
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9.2.2 Detailed information on use 

9.2.2.1 Process description 

A detailed description of processes and required functionalities is part of the report on the Analysis of 
Alternatives.  

Substrate(s) 

The substrates to which this use applies are typically metallic surfaces. 

Differences between chromates  

Either StC, PCO, and/or PHD can be used in primer products other than wash or bonding primers. The 
three chromates provide the same main functionalities (see AoA report). The reason either one or the 
other chromate is used for a primer product is, in most cases, that use of a particular chromate or 
product is defined in the customer specifications for a particular component and/or application; such 
a customer specification often has a historical or empirical background. Depending on the composition 
of the product it may be possible that a certain chromate can perform better than others in the product 
due to its physicochemical properties. 

When no specification is given by a client, the choice of the chromate is often based on practical 
reasons, e. g., because a site uses the specific product(s) also for other applications and/or the handling 
of the product is preferred. 

9.2.2.2 Teams and employees involved 

For the present assessment, we have identified the following similar exposure groups (SEGs) for tasks 
with potential Cr(VI) exposure related to the use of primer products other than wash or bonding 
primers containing StC and/or PCO and/or PHD: 

¶ Spray operators for manual spraying in spray room/booth 

¶ Spray operators for manual spraying in a dedicated spray hangar 

¶ Operators performing brushing/rolling  

¶ Machinists  

¶ Sanders in a dedicated hangar 

¶ Workers performing media blasting in closed system 

¶ Workers performing media blasting in a room/hall 

¶ Maintenance and/or cleaning workers for spray area(s) 

¶ Maintenance and/or cleaning workers (excluding spray areas) 

¶ Incidentally exposed workers 

9.2.2.3 Technical and organisational risk management measures  

All sites using primer products other than wash or bonding primers containing StC, PCO or PHD within 
the ADCR supply chains are specialised industrial sites. They have rigorous internal safety, health, and 
environment (SHE) organisational plans. The sites adhere to best practices to reduce workplace 
exposures and environmental emissions to as low as technically and practically feasible and use 
automated processes to the extent possible. Workplaces are assessed regularly regarding the handling 
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of hazardous substances according to the respective national schemes, i.e., according to the Control 
Of Substances Hazardous to Health (COSHH) Assessment rules in the UK.  

The potential for (and the degree possible) automation during spraying in a spray room or machining 
tasks can vary between different sites and depend, among other factors, on the geometrical structure 
of the part, the variability of the parts to be treated, the mechanical complexity of the machining task, 
the size of the site and the frequency with which the task is required. 

It can be stated that companies are following the hierarchy of control principles: 
- S: for a description of efforts to substitute primer products containing Cr(VI) see the AoA report 
- T: various technical measures are in place; most importantly, LEV is implemented wherever 

technically feasible (see more detailed description below) 
- O: organisational measure comprise restricted access to areas with Cr(VI) exposure and control 

of effectiveness of technical measures (see more detailed description below) 
- P: for some workplaces technical and organisation measures alone are not sufficient to lower 

exposures to acceptable levels (e.g., during spraying or sanding); therefore, respiratory 
protection and other PPE are mandatory to be used at such workplaces. 

The exposure scenarios developed take these conditions into account. The measurement data used 
for quantifying exposure and risks are discussed in detail (see sections 9.2.3.2 to 9.2.3.11) with regard 
to covering the various tasks performed by the SEGs as well as the conditions of use (e.g., duration and 
frequency, RMMs) relevant for the exposure scenarios (as laid down in the Conditions of Use (CoU) 
tables, see sections 9.2.3.2 to 9.2.3.11). 

9.2.2.3.1 Spray facilities 

The sites covered under the present use performing spraying tasks may have only one type of spray 
facility (e.g., spray rooms) or several (e.g., dedicated spray hangar, open spray booth, spray room). 
Some sites also have different facility types and several units of each type (e.g., several dedicated spray 
hangars and spray rooms, for instance at OEMs). Sites performing sanding of large surfaces containing 
Cr(VI) in a hangar also perform this task in a ƘŀƴƎŀǊ ǿƛǘƘ ŀ ǎŜǘǳǇ ŀǎ ŘŜǎŎǊƛōŜŘ ōŜƭƻǿ ŀǎ ŀ Ψspray hangarΩΦ 
Illustrative photos of various spray facilities are shown in Annex VIII. 

Open spray booth 

Sites with open spray booths typically have a spray area equipped with mechanical ventilation, to 
which one or more open spray booth(s) are connected. An open spray booth has three closed sides. 
The fourth side is open, with no physical separation or air barrier. Spray booths have usually a 
moderate size of a few cubic meters, so the open side is only as large as necessary to allow components 
to be maneuvered into the booth while providing adequate spray distance between the component 
and the worker.  

The sprayer standing at the open side of the booth sprays in the direction of the opposite wall, which 
is equipped with an exhaust air extraction system (typically wall extraction with horizontal laminar 
flow), so that the spray mist is extracted away from the worker. Filters in the back wall of the booth or 
wet scrubbers are installed for air abatement. The filters have a large surface area to trap airborne 
particles as the exhaust air is drawn through the filter. 

During the spraying process, only the worker spraying is allowed in the area at the open side of the 
booth. This area is defined by coloured markings on the floor or by other signage.  
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Spray room 

Sites with spray rooms usually have a spray area with one or more spray rooms adjacent to it. A spray 
room is a separate room with four physical walls or with three physical walls plus an air barrier. A clear 
boundary exists between the spray room and adjacent air bodies. Typically, spray rooms have negative 
pressure so that exposure to the external working environment is minimized. The size of spray rooms 
can be highly variable, ranging from a few cubic meters to several hundred cubic meters (very large 
spray rooms can also be the size of a dedicated spray hangar; see below).  

The spray room has an exhaust system where the airflow is usually directed from the ceiling to the 
floor and/or to the side walls (laminar down flow or cross flow). The floor and/or the side walls of the 
spray room are equipped with filters, wet scrubbers or in rare cases water curtains for air abatement. 
The water curtain separates the particulates from the exhaust air by letting the airflow pass through a 
water pool. 

Dedicated spray hangar 

A dedicated spray hangar is a working hall with four physical walls that can fit entire aircrafts. The 
setup of a dedicated spray hangar is comparable to that of a spray room: it has an exhaust system 
where the airflow is usually directed from the ceiling to the floor and/or to the side walls (laminar 
down flow or cross flow). In dedicated spray hangars with floor extraction, the extraction slots are 
usually arranged in the silhouette of the aircraft to be able to effectively extract the contaminated air 
from work on the aircraft. The floor and/or the side walls of the spray hangar are equipped with filters 
through which the exhaust air is passed. Typically, dedicated spray hangars have negative pressure so 
that exposure to the external working environment is minimized. The size of dedicated spray hangars 
can be highly variable, ranging from a small hall e.g., fitting a helicopter to several thousand cubic 
meters fitting several airplanes.  

Dedicated spray hangars (or similarly equipped hangars) are also used for sanding whole aircrafts (see 
WCS 5, section 9.2.3.6) or media blasting of whole aircrafts (see WCS 7, section 9.2.3.8). 

9.2.2.3.2 Workers 

At all sites, risk management measures in accordance with the hierarchy of control measures set out 
in Article 5 of Directive 2004/37/EC are implemented as appropriate. 
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9.2.2.3.2.1 Technical measures 

The technical measures implemented at the sites include: 

¶ Best practices are implemented to reduce workplace exposure to the substance to as low a level as 
technically and practically feasible, using closed systems and automation whenever possible. 

¶ Where possible, the sites use LEV systems that are designed, dimensioned, located, and maintained 
to capture and remove the substance (where closed systems and automation are not possible).  

¶ Where machining is performed in small work areas, mechanical ventilation is used for machining 
activities (unless use of mechanical ventilation would introduce risks or would not be technically 
and practically possible) 

¶ In open spray booths, spray rooms and dedicated spray hangars technological installations are 
typically in place to either indicate malfunction of the extraction system to the worker (e.g., by light 
or audible signal) or to stop the spraying process in case of malfunction/breakdown.  

¶ In all spray rooms and dedicated spray hangars negative pressure prevails during the spraying 
process, which prevents the spreading of particles in case the door is opened. 

¶ For sanding in a dedicated hangar and machining on surfaces either on-tool extraction or a vacuum 
cleaner is used for local dust extraction or sanding/machining is performed under wet conditions 
(by wetting the sanded surface or the sanding tool, e.g., by use of a lubricant on the tool).  

Efficiency of LEV 

LEV systems used for specific tasks are designed, dimensioned, located, and maintained to capture and 
remove the substance. 

The efficiency of the installed LEV system depends on the exhaust air flow rate of the system per time 
unit. The sites follow the manufacturer requirements as well as recommendations from national 
guidelines, where applicable, and perform preventative maintenance of equipment to maintain the 
stated efficiencies of the LEV systems.  

Examples of LEV systems installed at sites, their maintenance and additional information on LEV 
efficiency or performance criteria are given in Annex VIII. 
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9.2.2.3.2.2 Organisational measures 

The following organisational measures to reduce workplace exposure are implemented at sites: 

¶ Access to all spray areas is restricted by means of access control systems and physical segregation 
from other work areas, signage, or through strict procedures during the activity and for a specific 
time after the operation has ceased. 

¶ At spray rooms, controls (e.g., light signals) are in place to ensure access to the spray room is 
restricted when the system is operational to prevent other workers from entering, including 
adequate clearance time after completion of the spraying process.  

¶ In case spraying outside spray room/booth/hangar is performed indoors, physical segregation from 
other work areas is in place to avoid exposure of workers not performing those activities. 

¶ The areas in which machining activities are carried out are access controlled either physically by 
means of barriers/signage or through strict procedure during the activity and for a specific time 
after the operation has ceased. 

¶ Effective cleaning practices are implemented to prevent surface contamination in the vicinity where 
machining activities take place. 

¶ The appropriateness and effectiveness of RMMs and OCs in place are regularly reviewed and, as 
applicable, measures to further reduce exposure are implemented.  

¶ Periodical checks and tests of LEV systems are performed to ensure full working order and records 
of these periodical checks and tests are kept. 

¶ Where RPE is needed to control exposure to the substance, the sites use and maintain it in 
accordance with standard procedures. They perform periodical checks of RPE (including fit testing 
of RPE) and keep record of these periodical checks. 

¶ Donning/doffing of protective clothing is performed in a separate changing room. 

¶ Appropriate standard operating procedures are implemented to minimise release of dust into the 
air during the preparation, transfer and storage of empty bags, filters, and other process waste. 

¶ Annual monitoring programmes are implemented for air monitoring of occupational exposure. The 
measurements are representative for the tasks undertaken (including e.g., spraying, maintenance 
and machining operations), and the OCs and RMMs used at the respective sites.  

¶ For workers performing manual spraying in a spray room/booth/spray hangar, spraying outside 
spray room/booth/hangar, or machining and sanding tasks, annual programmes of inhalation 
exposure monitoring for Cr(VI) through personal sampling are combined with post-shift 
biomonitoring for chromium. 

¶ Hazardous waste management procedures are in place. 

¶ Adequate worker hygiene facilities are in place and workers must wash hands and face before 
eating, drinking, or smoking. 

¶ LEV systems are inspected and maintained according to the manufacturer´s specification. 

¶ The provision of PPE for the workers is organised by a designated responsible person. 

¶ The conditions of the PPE are checked regularly. 
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¶ A program of PPE management is implemented on-site which includes PPE selection, training for 
correct wear/removal of the PPE, storage of PPE, cleaning or renewal and distribution of the PPE, 
communication via workplace signage or working instructions at the workplace. 

¶ Training on chemical risks is periodically done for workers handling chemicals. Safety Data Sheets 
and/or instructions for hazardous chemicals handling are available. 

¶ Training at the workplace is given periodically and work instructions are available on how to carry 
out specific tasks through standard operating procedures. 

¶ Cleaning of company-supplied uniforms is organised by the site, or contaminated clothes are 
renewed. 

¶ Chemical products are stored in a designated area. 

9.2.2.3.2.3 Personal Protective Equipment 

For all tasks with potential direct Cr(VI) exposure, standard operating procedures are available at the 
sites, wherein the appropriate PPE to be worn is specified (selected based on risks and in accordance 
with the exposure scenarios). The following PPE is applied for activities where exposure to Cr(VI) is 
possible, in order to control Cr(VI) exposures: 

- Chemical protective clothing, where necessary (plus coveralls or aprons for specific tasks) 
- Eye protection as per relevant risk assessment 
- Chemical resistant gloves  
- Respiratory protection is used as described in the respective WCS. 

Gloves 

Chemical-resistant gloves tested according to EN 374 are used when handling primer products 
containing chromates. As StC, PCO and PHD are poorly soluble and contained in the primer products 
in dispersed form (i.e. undissolved solid particles) their penetration through any kind of gloves material 
and through the skin is minimal. Therefore, the selection of material and thickness of gloves is driven 
by other substances in the primer products (e.g., solvents) and by other substances handled in parallel 
at the workplaces. Gloves and other PPE are selected based on a careful consideration of all conditions 
ƻŦ ŀ ǎǇŜŎƛŦƛŎ ǿƻǊƪǇƭŀŎŜ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŎƻƳǇŀƴƛŜǎΩ industrial hygiene exposure assessment. 

Respiratory protection equipment (RPE) 

RPE is used for some specific activities involving primer products, as described in the respective WCS. 

Use of Assigned Protection Factors (APFs) throughout this CSR 

The European Standard EN 529 ς άwŜǎǇƛǊŀǘƻǊȅ protective devices. Recommendations for selection, use, 
ŎŀǊŜ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜέ ǇǊƻǾƛŘŜǎ ƎǳƛŘŀƴŎŜ ƻƴ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ŀƴŘ ǳǎŜ ƻŦ wt9Φ Lǘ ŀƭǎƻ ƭƛǎǘǎ ά!ǎǎƛƎƴŜŘ 
ǇǊƻǘŜŎǘƛƻƴ ŦŀŎǘƻǊǎέ ŀǎ ǊŜŎƻƳƳŜƴŘŜŘ ƛƴ ǾŀǊƛƻǳǎ 99! ŎƻǳƴǘǊƛŜǎ ŀƴŘ ƛƴ ǘƘŜ ¦YΦ !tCǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ 
are given in Annex VI.  

We noted that large differences exist in the APFs ambient air-independent breathing apparatuses in 
the UK and in EEA countries. HSG 53 gives APFs ranging from 40 to 2000, whereas much larger APFs 
are used in several EEA countries (see Annex VI). Examples:  
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- fresh air hose breathing apparatus (EN 138): UK: APF 40, Germany: APF 1000, Sweden: APF 
500.  

- constant flow airline breathing apparatus with full mask (EN 14594): UK: APF 40, France: APF 
250.  

We asked HSE for assistance in choosing adequate APFs and were referred to the British Standards 
Institutions (BSI). BSI explained that these APFs were discussed many years ago and cited recent 
publications (Connell and Lynch, 2023). These authors describe some potential reasons for the 
differences, among them different types of data used (data from compliant and non-compliant 
programs were used according to Connell and Lynch (2023) in the UK) and the use of a safety factor. 
Considering these uncertainties and for the sake of a harmonised assessment of risks in the UK and 
the EEA based on the same type of data (an APF of 250 is used in respective ADCR EU applications for 
chromates in primer products, this being the lowest APF reported in an EEA country) in this report for 
various types of ambient air-independent breathing apparatuses (e.g. fresh air hose breathing 
apparatus, constant flow airline breathing apparatus with full mask or hoods/helmet demand valve 
compressed air breathing apparatus),  an APF of 250 is used for calculating exposure concentrations. 
The specific PPE for each task is described in detail in the worker contributing scenarios in sections 
9.2.3.2 to 9.2.3.11. 

9.2.2.3.3 Environment 

9.2.2.3.3.1 Emissions to air 

The following technical and organisational measures are implemented to reduce environmental air 
emissions to the maximum extent possible: 

¶ Best practices are implemented to reduce substance emissions to the environment to as low a level 
as technically and practically feasible, using closed systems and automation whenever possible. 

¶ The local exhaust air from spraying, sanding, machining, and media blasting tasks is led through 
filters or treated in wet scrubbers before it is released to the environment.  

¶ Wash water in the wet scrubber is regularly exchanged when a certain threshold value of either 
conductivity, pH, or Cr(VI) concentration is exceeded. Regular replacement of the wash water helps 
to ensure that the cleaning performance of the wet scrubber does not decrease. 

¶ The appropriateness and effectiveness of RMMs and OCs in place are regularly reviewed. 

¶ Regular monitoring programmes for Cr(VI) emissions to air from LEV systems are implemented and 
are representative for the OCs and RMMs used at the individual sites where relevant measurements 
are carried out. 

¶ Several sites operate under environmental permits issued by the Environment Agency for air 
emissions of Cr(VI). The permitted emission concentration in air is 5 mg/m³ for total chromium. 
Monitoring of air emission is carried out at least once per year according to the requirements given 
in the environmental permit. Some sites either do not have an environmental permit for air 
emissions because either the quantities of Cr(VI)-containing primers used and thus the emission at 
the site are negligible, the permit issued does not contain a limit for Cr(VI) emissions to air, or the 
Environment Agency has issued a permit which does not contain emission limits for Cr(VI) to any 
media because the site has demonstrated that negligible ('trivial') emissions occur and the emission 
limit has therefore been removed from the permit. 
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Efficiency of air emission abatement technology 

¶ The usual way to check the performance of filters is to measure pressure loss.  

¶ Wet scrubbers are regularly checked by measuring conductivity, pH, or Cr(VI) concentration, 
ensuring proper function. 

¶ The efficiency of the filters or wet scrubbers can also be checked by comparative measurements 
with and without the use of the filter/wet scrubber or between the duct inlet and outlet. At sites 
where such measurements are performed, very high efficiencies for air abatement can be 
demonstrated. As an example, such measured values from one site show a purification of the 
exhaust air from Cr(VI) concentrations in the range of several mg/m3 (before the filter) to a 
concentration below the detection limit of the measurement method used (after the filter).  

9.2.2.3.3.2 Emissions to wastewater 

Most sites produce no Cr(VI)-containing wastewater from the use of primer products. At sites where 
Cr(VI)-containing wastewater occurs it is gathered and either sent to an external waste management 
company (licensed contractor) or treated on-site in a reduction facility. The majority of sites producing 
Cr(VI) wastewater uses the first possibility and does not emit any chromates from primers to 
wastewater. 

Where it occurs, for the reduction of environmental emissions to wastewater to the maximum extent 
possible, the technical and organisational measures implemented at the sites include: 

¶ At sites where Cr(VI)-containing particles are carried into wastewater (e.g., in dedicated spray 
hangars where sanding is performed) solid particles are separated from the water phase and 
disposed of as hazardous waste. 

¶ Wastewater is sent to a reduction facility (typically on-site), where Cr(VI) in wastewater is reduced 
to Cr(III) by addition of a reducing agent (e.g., sodium bisulfite or ferrous sulfate). After the 
reduction process, Cr(III) is precipitated and separated from the wastewater by a filter press (the 
filter cake is disposed as waste), and the treated wastewater is discharged to a wastewater 
treatment plant (WWTP) or municipal sewage treatment plant (STP). 

¶ Regular monitoring programmes for Cr(VI) emissions to wastewater are implemented and are 
representative for the OCs and RMMs used at the individual sites where relevant measurements 
are carried out. 

¶ Of the few sites, emitting Cr(VI) to wastewater, some work under environmental permits issued by 
the Environment Agency for Cr(VI) water emissions. The permitted maximum emission 
concentration in wastewater is between 1 and 7 mg/L for total chromium. In addition, consents 
from regional authorities are also issued (e.g., water boards or water companies) with, for example, 
emission limits of 5 mg/L for total chromium or 10 mg/L for chromium individually or in total with 
other elements (e.g., Cu, Pb, Be). The frequency of monitoring is annually according to a standard 
method (e.g., BS EN 1233). 

9.2.2.3.3.3 Emissions to soil 

The indoor and outdoor surfaces where chemicals are handled are sealed. Chemicals and solid waste 
containing Cr(VI) are stored in closed containers, either inside or outside. 

9.2.2.3.4 Solid waste 
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Solid Cr(VI)-contaminated waste generated at the sites may include contaminated linings of floors and 
walls, masking material, filters, wipes, rags, equipment (e.g., brushes), disposable PPE, empty chemical 
containers, dust from dust collectors or dried primer residues. In order to avoid any emissions, the 
Cr(VI)-contaminated solid waste is stored in closed and sealed drums or containers in designated areas, 
ready to be collected by an external waste management company (licensed contractor) for disposal as 
hazardous waste. Depending on the siteΩǎ level activity, waste is regularly collected by the waste 
contractor. 

The filter cake from the filter press of a reduction facility (at sites having a reduction facility for 
wastewater) only contains Cr(III). It is stored in closed containers and collected by an external waste 
management company (licensed contractor) for disposal as waste. 

In the majority of cases, collected waste is incinerated with energy recovery by the waste management 
company. In rare cases, recovery of waste has been reported by companies (e.g. landfill of filter cake). 

9.2.2.4 Tonnages and mass balance considerations 

9.2.2.4.1 Tonnages 

The tonnages reported below are based on information provided by sites using any of the relevant 
chromates. Twenty-five GB sites and 38 EEA sites provided tonnage information. The twenty-five GB 
sites use considerably lower volumes than the EEA sites (up to 650 kg StC 5.5 kg PHD and 7.0 kg PCO). 
However, we are not aware of any plausible reasons why the use amount per site should be different 
between GB and EEA and thus assume that this difference may be due to the low sample size of GB 
sites. Therefore, to increase the representativeness of the data, we report here the maximum use 
amount per site based on the information from all sites (GB + EEA). In case the actual maximum use at 
GB sites should be lower, the presented tonnages are conservative for the situation in GB. 

Assessed tonnage for the present use: 0.1 to 1339 kg Cr(VI)/year per site based on: 

0 to 3100 kg StC used per year per site, therefore up to 791 kg Cr(VI) per year per site 

0 to 30 kg PCO used per year per site, therefore up to 2.69 kg Cr(VI) per year per site 

0 to 2200 kg PHD used per year per site10, therefore up to 546 kg Cr(VI) per year per site 

At most sites StC is used in primer products. 

9.2.2.4.2 Mass balance considerations 

Application on surfaces 

When coating with primer products by spraying or e.g., brushing or rolling, most of the primer used 
remains on the surface. The quantities of Cr(VI) applied to surfaces are not quantified by the sites. 

Cr(VI) in primer products applied to surfaces may ultimately end up as solid waste and (to a small 
extent) environmental emissions at other sites when removed e.g., by sanding, media blasting or 
machining activities. 

 
10 Please note that only one site provided information to use > 2000 kg PHD. Use amounts of all other sites 
providing information are between 0 and < 500 kg PHD. 
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Amount of Cr(VI) discharged as solid waste 

In spray applications, depending on the geometry of the component, overspray may occur to a large 
extent, so that considerable amounts of primer product remain on (linings of) floors and walls, masking 
material and in filters. Residues of primers also remain in empty chemical containers. Dust containing 
Cr(VI) from machining, sanding and blasting activities is collected in dust collectors, filters and vacuum 
cleaners. Cr(VI) contamination of other equipment and PPE represents a negligible part of the overall 
mass balance. Although it can be assumed that relevant quantities of Cr(VI) are discharged with the 
hazardous solid waste, these quantities are difficult to quantify, and solid waste is not analysed for 
Cr(VI) content by the sites. A rough estimation of 10 to 20 % of chromated primers lost to waste, or 
caught in filters, rags and on PPE has been reported by companies. 

Amount of Cr(VI) discharged as liquid waste 

Relevant quantities of primer products remain after the spraying process in the hoses that supply the 
spray guns with paint. Also spray guns and on other tools and equipment used for mixing application 
of primer products remain residues of primer products. The primer residues in the hoses and in spray 
guns, on tools and equipment are removed by cleaning with water or solvents. The cleaning solution 
is disposed of as hazardous liquid waste. Some sites also discharge (part of) their Cr(VI) wastewater as 
liquid waste by sending it to an external waste management company (licensed contractor). In case of 
primer products with passed expiry dates, these are also disposed of as hazardous waste by the waste 
management company. Although it can be assumed that relevant amounts of Cr(VI) are discharged 
with the hazardous solid waste, they are not quantified by the sites. 

Amount of Cr(VI) released to the atmosphere  

The exhaust air from spray applications and from sanding and machining tasks is led through filters or 
treated in wet scrubbers before release. The wash water from wet scrubbers is collected as wastewater 
and thus the Cr(VI) fraction washed off in a wet scrubber contributes to the Cr(VI) fraction discharged 
as liquid waste or released to wastewater. The exhaust air released via stacks is between <0.01 and 
10.6 kg Cr(VI) per year per site (as described in Annex III).  

Amount of Cr(VI) released via fugitive emissions  

No measurement data is available for fugitive emissions. However, due to the low vapour pressure of 
the chromates at room temperature at which spray applications are performed, such emissions are 
expected to be low.  

Amount of Cr(VI) released to wastewater  

Only at few sites Cr(VI) wastewater occurs from use of primer products. At these sites only a minor 
share of the total amount of Cr(VI) used at the site is entering the wastewater path. The Cr(VI) 
concentration in wastewater prior to reduction is not measured at the sites. During the reduction step 
Cr(VI) is converted to Cr(III) and after precipitation collected in a filter press.  

As the concentration of Cr(III) in the filter cake is not measured, the amount of chromium leaving the 
process via the filter cake cannot be assessed. 

The residual Cr(VI) in wastewater after reduction, which is released to an STP or WWTP, is between 0 
and 0.00404 kg Cr(VI) per year (as described in Annex III).  
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9.2.3 Exposure scenario 1 for Use 1Υ άUse of primer products other than wash 
or bonding primers containing strontium chromate and/or pentazinc 
chromate octahydroxide and/or potassium hydroxyoctaoxodizincate 
dichromate in aerospace and defence industry and its supply chainsά 

Market sector: - 

Sector of use: Other: Aerospace and defence industry and its supply chains 

Article categories: not relevant 

Environment contributing scenario(s): ERC 5 

Worker/Consumer contributing scenario(s): PROC 0, PROC 5, PROC 7, PROC 8b, PROC 9, PROC 10, 
PROC 21, PROC 24, PROC 28 

Subsequent service life exposure scenario(s): not relevant (see below) 

Description of the activities and technical processes covered in the exposure scenario: 

The exposure scenario covers the use of primer products other than wash or bonding primers 
containing StC and/or PCO and/or PHD by spraying or brushing/rolling applications (e.g., touch-up or 
swabbing). It further covers machining of parts or surfaces treated with primer products, as well as 
sanding and media blasting of surfaces treated with primer products (see detailed use information in 
section 9.2.2). 

Explanation on the approach taken for the ES: 

We established the exposure scenario based on sector-specific information provided by sites 
performing these activities.  

Exposure from service life of treated articles: 

Primer products containing StC, PCO and/or PHD are applied to the surface of parts of various sizes. 
However, concentrations are expected to be well below 0.1% Cr(VI) (w/w), which is the concentration 
above which notifications of Candidate List substances in articles according to REACH Art. 33 (ECHA, 
2017) are required. Also, primer layers are typically covered by a topcoat and thus located in lower 
layers of the surface. Therefore, exposure from parts coated with primer products is negligible. In 
consequence, no service life scenario for use of parts coated with primer products is required. 

9.2.3.1 Environmental contributing scenario 1 

As StC, PCO and PHD are not listed in REACH Annex XIV due to environmental effects, no environmental 
exposure assessment is performed here. However, we assess the exposure of humans via the 
environment in the following sections.  
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9.2.3.1.1 Conditions of use 

Table 9-11: Conditions of use ς Environmental contributing scenario 1  

Product (article) characteristics 

Product A: Primer products containing StC (water-based or solvent-based); 

max. 50% StC; max. 13% Cr(VI) 

Product B: Primer products containing PCO (water-based or solvent-based); 

max. 10% PCO; max. 1% Cr(VI) 

Product C: Primer products containing PHD (water-based or solvent-based); 

max. 24% PHD; max. 6% Cr(VI) 

Amount used, frequency and duration of use (or from service life) 

Product A: Primer products containing StC (water-based or solvent-based) 

Á Annual use at a site: up to 791 kg/year [as Cr(VI)] 
Á Batch process 
Á 365 days/year (see section 9.1.2.5.) 

Product B: Primer products containing PCO (water-based or solvent-based) 

Á Annual use at a site: up to 2.69kg/year [as Cr(VI)] 
Á Batch process 
Á 365 days/year (see section 9.1.2.5.) 

Product C: Primer products containing PHD (water-based or solvent-based) 

Á Annual use at a site: up to 546 kg/year [as Cr(VI)] 
Á Batch process 
Á 365 days/year (see section 9.1.2.5.) 

Technical and organisational conditions and measures  

All products: 

Á Technical measures 

o Air 
-  Exhaust air from LEV systems (in spray booths/rooms/hangars, machining/sanding/media 

blasting workplaces, on-tool extraction, mobile LEVs) is led through filters or treated in 
wet scrubbers before being released 

o Wastewater 

- is either gathered and sent directly to an external company certified for disposing of 
liquid hazardous waste or 

- treated on-site in a reduction facility, where Cr(VI) in wastewater is reduced to Cr(III) by 
addition of a reduction agent (e.g., sodium bisulfite or ferrous sulfate), followed by 
neutralisation and precipitation of Cr(III) (reduced wastewater is sent to a wastewater 
treatment plant (WWTP) or municipal sewage treatment plant (STP) (depending on local 
regulatory requirements)) 
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- Cr(VI)-containing particles in wastewater (e.g., in dedicated spray hangars where sanding 
is performed) are separated from the water phase and disposed of as hazardous waste 

o Soil 

- The indoor and outdoor surfaces where chemicals are handled are sealed and if 
chemicals and solid waste containing Cr(VI) are stored outside then it is only in closed 
containers 

 

Á Organisational conditions and measures 

o Air 

-  Cr(VI) air emission measurements are performed regularly 

o Wastewater 

-  Reduction of Cr(VI) in wastewater is controlled regularly by Cr(VI) measurements 

-  Batches of reduced wastewater are discharged only after confirmation of Cr(VI)  
   reduction to a concentration below the permitting limit (in accordance with the local  
   regulatory requirements) 

Conditions and measures related to sewage treatment plant 

All products: 

Á Biological (municipal) STP: Standard STP or on-site treatment plant (removal rate: 50% to sludge 
assumed, see description in section 9.1.2.5) 

Á Sludge application to agricultural soil: unknown; for a conservative assessment sludge 
application is assumed 

Á Discharge rate STP: 2 000 m3/day (by model default) 

Á Dilution factor for receiving water body: 10 (by model default) 

Conditions and measures related to treatment of waste (including article waste) 

All products: 

Á Solid waste contaminated with Cr(VI) such as filters, linings of floors and walls, masking material, 
wipes, equipment (e.g., brushes), empty chemical containers, PPE, dried primer residues or dust 
from dust collectors is stored in closed drums or containers and collected by an external waste 
management company (licensed contractor) for disposal of as hazardous solid waste. 

Á Filter cake from the wastewater reduction plant only contains Cr(III) (since, even if the reduction 
were incomplete, residual Cr(VI) is readily soluble in water and would be found in the water 
phase) and is collected by  an external waste management company (licensed contractor) for 
disposal as waste. 

Á Liquid Cr(VI) waste such as expired primer products or cleaning/rinsing solutions is stored in closed 
containers and is collected by an external waste management company (licensed contractor) for 
disposal as hazardous liquid waste. 

Other conditions affecting environmental exposure 

All products: 

Á All processes where primers are used or where machining, sanding or media blasting on 
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surfaces/parts treated with primers is performed are carried out inside and at room 
temperature. 

Additional good practice advice. Obligations according to Article 37(4) of REACH do not apply 

Á None 

The use of primer products other than wash or bonding primers containing StC and/or PCO and/or 
PHD is carried out at small to large sites. The sites operate between 8 and 24h per day, on 5-7 days per 
week and up to 365 production days per year. Some sites have one or several annual shutdowns (of 
the whole site or of individual departments), while other sites are continuously running. 

Air emissions 

Spraying of primer products is performed at room temperature. Also sanding, machining, or media 
blasting tasks on parts/surfaces treated with primer products are applied at room temperature. The 
maximum Cr(VI) concentration in primer products is 13% (as shown in Table 9-11). Cr(VI) air emissions 
generated during spraying, sanding, machining or media blasting processes are captured by LEV 
systems. The exhaust air is led through filters or treated in wet scrubbers before it is released via stacks. 
Air emissions are typically monitored in regular intervals at the sites.  

Exhaust air from dedicated decanting and mixing areas may also contribute to the air emissions of a 
site. However, due to the low frequency of such aliquoting processes, these emissions are negligible. 

At many sites the monitored stack(s) also receive exhaust air from use of primer products not covered 
under the present use (e.g., bonding primers or wash primers). 

Wastewater emissions 

Cr(VI) wastewater may occur from use of primer products (e.g., from cleaning activities). At most sites 
where Cr(VI) wastewater arises, it is sent directly to an external company certified for disposing of 
liquid hazardous waste.  

At few sites the wastewater is sent to an on-site reduction plant, where Cr(VI) is reduced to Cr(III) by 
addition of a reduction agent (e.g., sodium bisulfite or ferrous sulfate) in excess, to ensure Cr(VI) 
reduction to a concentration below the permitting limit. Afterwards the wastewater is neutralised, and 
Cr(III) is precipitated. The precipitated Cr(III) is then separated from the wastewater by a filter press 
and the filter cake is disposed by a certified waste handling company. In the reduced wastewater the 
Cr(VI) content is measured to confirm sufficient reduction in accordance with the permitted limit 
before the wastewater is sent either to a wastewater treatment plant (WWTP) or municipal sewage 
water treatment plant (STP).  

As described above for the air emissions, also for wastewater, usually diverse sources contribute to 
the Cr(VI) emissions. 

Soil emissions 

There is no direct release to soil, based on equipment and procedures in place. 
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9.2.3.1.2 Releases 

The release fractions to water and air are calculated from the annual amount of Cr(VI) used at the sites 
and the amounts of Cr(VI) emitted to water and air. The site-specific release fractions are used as input 
for EUSES modelling of the environmental concentrations and human exposure via the environment.  

In total seven GB sites using protective primer products provided site-specific emission data. 

Due to the small amount of GB data, we report below also emission data from EEA sites operating 
under comparable conditions of use. In total, data from 38 EEA sites are available. 

Table 9-12 shows ranges of release fractions and total emissions from the sites, separately for GB sites 
and the total database (GB + EEA sites). 

GB sites that provided emission data use an overall lower tonnage per site (MAX 209 kg Cr(VI) per year) 
than EEA sites providing data (MAX 1372 kg Cr(VI) per year).  

Therefore, the upper range of releases calculated for all sites (GB + EEA) may be conservative for the 
GB sites. However, since only for seven out of approximately 130 sites in GB emission data are 
available, it cannot be excluded that some GB sites may have similarly high usage volumes and 
corresponding emissions. 

Note that for sites not providing the amounts of substance used the calculated release fractions (by 
use of placeholder amounts) are artificial and are not included in the numbers presented in the below 
table. Also, for sites providing emission data for activities covering sanding, machining or media 
blasting, the calculated release fractions are artificial (as use amount and emission amount do not 
correlate since e.g., no primer is used during sanding) and thus not included in the below table. 

One site provided air concentration measurements only for total chromium (Site 21 - EEA), which were 
set equal to Cr(VI). However, this is not expected to lead to a particular overestimation of the emission, 
since for primer applications it is not to be assumed that any other form than Cr(VI) can be present. 

For sites with Cr(VI) wastewater the release fractions to wastewater refer to emissions after the on-
site reduction step. It has to be noted that all GB sites that provided emission data reported no release 
to wastewater. 

We point out that these results represent the overall releases of the sites, among which in each case 
only a certain share is assigned to the present use. Site-specific information on tonnages, releases, and 
emission shares relevant for the present use is given in Annex III of this CSR.  

Table 9-12: Local releases to the environment 

Release route Release fraction (N = 26; 5 
for GB + 21 for EEA) a 

Release [kg/year] (N = 45; 7 
for GB + 38 for EEA) a 

Explanation/Justification 

Air b GB 

9.80E-05 ς 4.93E-02 

90th percentile = n.a. 

AM = 8.59E-03 

 

Total 

4.05E-05 ς 4.93E-02 

GB 

4.02E-05 ς 0.141 

90th percentile = n.a. 

AM = 0.0432 

 

Total 

4.02E-05 ς 13.6 

Measured release (site-
specific data) 
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Release route Release fraction (N = 26; 5 
for GB + 21 for EEA) a 

Release [kg/year] (N = 45; 7 
for GB + 38 for EEA) a 

Explanation/Justification 

90th percentile = 3.52E-02 

AM = 9.88E-03 

90th percentile = 1.84 

AM = 1.18 

Water b GB 

0  

90th percentile = n.a.  

AM = n.a.  

 

Total 

0  

90th percentile = n.a. c 

AM = n.a. d 

GB 

0 

90th percentile = n.a.  

AM = n.a.  

 

Total 

0 ς 0.00510 

90th percentile = 0 e 

AM = 0.000185 e 

Measured release (site-
specific data) 

Soil b 0 0 No release to soil 

n.a. = not available. 

90th percentiles were only calculated if data for at least ten sites were available. 

a The indicated ranges of release fractions to wastewater, air and soil are based on recent release data and tonnages provided 
by sites that are representative to cover the whole release spectrum relevant for this use. 

b For values <LOQ a value corresponding to LOQ/2 was used, as described in ECHA´s Guidance on Information Requirements 
and Chemical Safety Assessment. Chapter R.16: Environmental exposure assessment (ECHA, 2016a). For wastewater 
emissions this is very likely an overestimation, since the upstream redox process leads to the almost complete conversion of 
Cr(VI) into Cr(III). 

c Since only two sites reported Cr(VI) emissions to wastewater no AM or 90th percentile could be calculated. 

d For the two sites having water emissions the release fraction is artificial. 

e Since only 2/45 sites have water emissions to wastewater and the other sites have zero release to wastewater the AM is 
0.000185 kg/year, while the median and the 90th percentile are 0 kg/year. 

For six GB sites and 20 EEA sites real release fractions to air are available. For the remaining one GB 
site and 18 EEA sites, we have assumed placeholder tonnages for at least one of the chromates (StC, 
PCO or PHD), resulting in artificial release fractions and/or the emission data from the site also cover 
sanding, machining, or media blasting (in which case the calculated release fractions are also artificial). 
We have not included these in the statistics because they are not meaningful.  

For the release fractions to air, for GB sites the AM is 8.59E-03. The AM for the release to air at GB 
sites is 0.0432 kg/year.  

For the total database (GB + EEA sites) the 90th percentile is 3.52E-02 and the AM is 9.88E-03. The 90th 
percentile for releases to air is 1.84 kg/year and the AM is 1.18 kg/year. The site with the highest 
release fraction to air (Site 1 - GB) has a comparably low release to air (0.141 kg/year) due to the low 
Cr(VI) tonnage used at the site. 

Only two sites (EEA sites) reported emissions to wastewater (Sites 15 - EEA and 26 - EEA). Most sites 
either produce no Cr(VI) containing wastewater or gather all contaminated water and send it to an 
external waste management company (licensed contractor) for disposal (see Annex III). For both sites 
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the release fractions are artificial and thus not included in the above table. The releases are 0.00324 
kg/year (Site 15 - EEA) and 0.00510 kg/year (Site 26 - EEA).  

The release to soil is zero for all sites since there are no direct releases to soil.  

Releases to waste 

Solid wastes are disposed of as described above by certified companies specialised in hazardous waste 
disposal. No emissions from solid wastes are expected. 

Release fraction to waste from the process: 0 

9.2.3.1.3 Exposure and risks for the environment and humans via the environment 

The modelled exposure concentrations for humans via the environment (on a local scale) per site are 
shown in Annex III. The EUSES modelling protocols can be provided upon request. 

As described above, at many sites Cr(VI) primer products are also used which are not covered under 
the present use (e.g., wash primers or bonding primers). Use of these primer products also contributes 
to air and water emissions at a site. We account for this by applying a factor on the predicted 
environmental concentrations accounting for the share of emission assigned to the present use. For 
sites where detailed information is available on the part of the emission that can be assigned to the 
present use and other uses (via shares of the Cr(VI) consumption quantity between the primer 
products covered under the present use, bonding primers and wash primers), we apply this site-
specific share. For most sites, however, this information is not available, so we calculate the part of 
the emission for the present use on the basis of factors derived from the market share of the different 
primer types. More detailed information on these factors is provided in Annex VII.  

The calculation of the emission share from use of primer products other than wash or bonding primers 
containing StC and/or PCO and/or PHD is performed after the EUSES calculation. The shares for the 
individual sites are shown in Annex III.  

All sites except one (Site 6 - GB, applying exclusively products related to the present use) also use 
primer products not covered under the present use that contribute to environmental emissions. 
However, the contribution from the present use is always between 77 and 99.4% for GB sites and 
between 58 and 95 % for EEA sites (see Table Annex III-1). 

The calculated PECs and cancer risks from use of primer products other than wash or bonding primers 
containing StC and/or PCO and/or PHD for humans via the environment are shown below in Table 9-13. 
Note that even for sites without emission to wastewater EUSES calculates oral exposure via deposition 
from air. 
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Table 9-13: Excess cancer risk estimates for humans via the environment (general population, local assessment) assigned to use of primer products 

other than wash or bonding primers containing StC and/or PCO and/or PHD 

 Inhalation Oral  

Site 
 

Local Cr(VI) PEC 
in air [µg/m3] 

Excess lung 
cancer risk 
[1/(µg/m 3)] a 

Inhalation risk Oral exposure 
(water and fish) 
[µg Cr(VI)/kg x d] 

Excess cancer risk for 
tumours of the small 
intestine  
[1/(µg/kg bw/day)] b 

Oral risk Combined risk 

1 - GB 7.84E-05 2.90E-02 2.27E-06 3.86E-07 8.00E-04 3.09E-10 2.27E-06 

2 - GB 7.57E-06 2.90E-02 2.19E-07 3.72E-08 8.00E-04 2.98E-11 2.19E-07 

3 - GB 9.48E-05 2.90E-02 2.75E-06 4.68E-07 8.00E-04 3.74E-10 2.75E-06 

4 - GB 2.71E-08 2.90E-02 7.85E-10 1.33E-10 8.00E-04 1.07E-13 7.85E-10 

5 - GB 2.02E-04 2.90E-02 5.85E-06 9.93E-07 8.00E-04 7.94E-10 5.85E-06 

6 - GB 1.21E-07 2.90E-02 3.51E-09 5.97E-10 8.00E-04 4.77E-13 3.51E-09 

7 - GB 6.78E-06 2.90E-02 1.97E-07 3.34E-08 8.00E-04 2.67E-11 1.97E-07 

8 ς EEA 1.36E-04 2.90E-02 3.94E-06 6.69E-07 8.00E-04 5.36E-10 3.94E-06 

9 ς EEA 2.03E-07 2.90E-02 5.90E-09 1.00E-09 8.00E-04 8.04E-13 5.90E-09 

10 - EEA 2.60E-04 2.90E-02 7.55E-06 1.28E-06 8.00E-04 1.03E-09 7.55E-06 

11 - EEA 4.57E-05 2.90E-02 1.32E-06 2.26E-07 8.00E-04 1.80E-10 1.32E-06 

12 - EEA 3.64E-05 2.90E-02 1.05E-06 1.79E-07 8.00E-04 1.43E-10 1.05E-06 

13 - EEA 1.34E-05 2.90E-02 3.87E-07 6.59E-08 8.00E-04 5.28E-11 3.87E-07 
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 Inhalation Oral  

Site 
 

Local Cr(VI) PEC 
in air [µg/m3] 

Excess lung 
cancer risk 
[1/(µg/m 3)] a 

Inhalation risk Oral exposure 
(water and fish) 
[µg Cr(VI)/kg x d] 

Excess cancer risk for 
tumours of the small 
intestine  
[1/(µg/kg bw/day)] b 

Oral risk Combined risk 

14 - EEA 8.08E-06 2.90E-02 2.34E-07 4.00E-08 8.00E-04 3.20E-11 2.34E-07 

15 - EEA 6.74E-05 2.90E-02 1.96E-06 1.51E-05 8.00E-04 1.21E-08 1.97E-06 

16 - EEA 4.98E-04 2.90E-02 1.44E-05 2.46E-06 8.00E-04 1.97E-09 1.44E-05 

17 - EEA 2.49E-04 2.90E-02 7.23E-06 1.23E-06 8.00E-04 9.82E-10 7.23E-06 

18 - EEA 3.71E-04 2.90E-02 1.08E-05 1.84E-06 8.00E-04 1.47E-09 1.08E-05 

19 - EEA 7.70E-04 2.90E-02 2.23E-05 3.79E-06 8.00E-04 3.04E-09 2.23E-05 

20 - EEA 1.54E-04 2.90E-02 4.46E-06 7.57E-07 8.00E-04 6.06E-10 4.46E-06 

21 - EEA 6.63E-04 2.90E-02 1.92E-05 3.26E-06 8.00E-04 2.61E-09 1.92E-05 

22 - EEA 4.29E-03 2.90E-02 1.24E-04 2.12E-05 8.00E-04 1.69E-08 1.24E-04 

23 - EEA 6.75E-05 2.90E-02 1.96E-06 3.32E-07 8.00E-04 2.66E-10 1.96E-06 

24 - EEA 3.91E-03 2.90E-02 1.13E-04 1.93E-05 8.00E-04 1.54E-08 1.14E-04 

25 - EEA 8.06E-05 2.90E-02 2.34E-06 3.98E-07 8.00E-04 3.18E-10 2.34E-06 

26 - EEA 7.47E-05 2.90E-02 2.17E-06 2.34E-05 8.00E-04 1.87E-08 2.18E-06 

27 - EEA 9.55E-04 2.90E-02 2.77E-05 4.73E-06 8.00E-04 3.78E-09 2.77E-05 

28 - EEA 6.54E-06 2.90E-02 1.90E-07 3.22E-08 8.00E-04 2.58E-11 1.90E-07 

29 - EEA 4.66E-06 2.90E-02 1.35E-07 2.30E-08 8.00E-04 1.84E-11 1.35E-07 
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 Inhalation Oral  

Site 
 

Local Cr(VI) PEC 
in air [µg/m3] 

Excess lung 
cancer risk 
[1/(µg/m 3)] a 

Inhalation risk Oral exposure 
(water and fish) 
[µg Cr(VI)/kg x d] 

Excess cancer risk for 
tumours of the small 
intestine  
[1/(µg/kg bw/day)] b 

Oral risk Combined risk 

30 - EEA 1.41E-03 2.90E-02 4.08E-05 6.94E-06 8.00E-04 5.55E-09 4.08E-05 

31 - EEA 1.34E-05 2.90E-02 3.89E-07 6.61E-08 8.00E-04 5.29E-11 3.89E-07 

32 - EEA 7.12E-06 2.90E-02 2.07E-07 3.51E-08 8.00E-04 2.81E-11 2.07E-07 

33 - EEA 1.40E-04 2.90E-02 4.05E-06 6.89E-07 8.00E-04 5.51E-10 4.05E-06 

34 - EEA 7.12E-04 2.90E-02 2.07E-05 3.52E-06 8.00E-04 2.81E-09 2.07E-05 

35 - EEA 8.08E-03 2.90E-02 2.34E-04 3.98E-05 8.00E-04 3.19E-08 2.34E-04 

36 - EEA 8.15E-06 2.90E-02 2.36E-07 4.03E-08 8.00E-04 3.22E-11 2.36E-07 

37 - EEA 9.99E-04 2.90E-02 2.90E-05 4.91E-06 8.00E-04 3.93E-09 2.90E-05 

38 - EEA 3.41E-03 2.90E-02 9.88E-05 1.68E-05 8.00E-04 1.34E-08 9.88E-05 

39 - EEA 4.66E-03 2.90E-02 1.35E-04 2.30E-05 8.00E-04 1.84E-08 1.35E-04 

40 - EEA 1.75E-06 2.90E-02 5.07E-08 8.63E-09 8.00E-04 6.91E-12 5.07E-08 

41 - EEA 4.62E-04 2.90E-02 1.34E-05 2.28E-06 8.00E-04 1.83E-09 1.34E-05 

42 - EEA 2.96E-06 2.90E-02 8.58E-08 1.46E-08 8.00E-04 1.17E-11 8.58E-08 

43 - EEA 3.30E-04 2.90E-02 9.56E-06 1.63E-06 8.00E-04 1.30E-09 9.57E-06 

44 - EEA 5.49E-05 2.90E-02 1.59E-06 2.71E-07 8.00E-04 2.16E-10 1.59E-06 

45 - EEA 1.33E-06 2.90E-02 3.85E-08 6.53E-09 8.00E-04 5.23E-12 3.85E-08 
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 Inhalation Oral  

Site 
 

Local Cr(VI) PEC 
in air [µg/m3] 

Excess lung 
cancer risk 
[1/(µg/m 3)] a 

Inhalation risk Oral exposure 
(water and fish) 
[µg Cr(VI)/kg x d] 

Excess cancer risk for 
tumours of the small 
intestine  
[1/(µg/kg bw/day)] b 

Oral risk Combined risk 

GB sites 

MIN 2.71E-08   7.85E-10 1.33E-10   1.07E-13 7.85E-10 

MAX 2.02E-04  5.85E-06 9.93E-07  7.94E-10 5.85E-06 

90th percentile n.a.  n.a. n.a.  n.a. n.a. 

Median 7.57E-06  2.19E-07 3.72E-08  2.98E-11 2.19E-07 

AM 5.56E-05   1.61E-06 2.74E-07   2.19E-10 1.61E-06 

Total (GB + EEA) 

MIN 2.71E-08   7.85E-10 1.33E-10   1.07E-13 7.85E-10 

MAX 8.08E-03  2.34E-04 3.98E-05  3.19E-08 2.34E-04 

90th percentile 2.61E-03  7.56E-05 1.83E-05  1.46E-08 7.56E-05 

Median 8.06E-05  2.34E-06 6.69E-07  5.36E-10 2.34E-06 

AM 7.41E-04   2.15E-05 4.49E-06   3.59E-09 2.15E-05 

n.a. = not available. 90th percentiles were only calculated if data for at least ten sites were available. 

a RAC dose-response relationship based on excess lifetime lung cancer risk (ECHA, 2013a): Exposure to 1 µg/m3 Cr(VI) relates to an excess risk of 2.9x10-2 for the general population, based on 70 
years of exposure; 24h/day. 

b RAC dose-response relationship based on excess cancer risk for tumours of the small intestine(ECHA, 2013a): Exposure to 1 µg/kg bw/day Cr(VI) relates to an excess risk of 8x10-4 for the general 
population, based on 70 years of exposure; daily exposure. 
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GB 

For the risk assessment of the use of primer products other than wash or bonding primers containing 
StC and/or PCO and/or PHD for GB sites, the MAX for the PEC in air is 2.02E-04 µg/m3 and the MAX for 
the inhalation risk is 5.85E-06. The MAX for oral exposure is 9.93E-07 µg Cr(VI)/kg per day and the MAX 
for the oral risk is 7.94E-10. The MAX for the combined risk of humans via the environment from 
inhalation and oral exposure is 5.85E-06. The AM for inhalation risk (1.61E-06) and for combined risk 
(1.61E-06) are in the same order of magnitude as the MAX values. Risks from oral exposure are 
consistently lower than risks from inhalation for all GB sites. 

 

Total (GB + EEA sites) 

For the risk assessment of the use of primer products other than wash or bonding primers containing 
StC and/or PCO and/or PHD for the total database (GB + EEA sites) the 90th percentile for the PEC in air 
is 2.61E-03 µg/m3 and the 90th percentile for the inhalation risk is 7.56E-05. The 90th percentile for oral 
exposure is 1.83E-05 µg Cr(VI)/kg per day and the 90th percentile for the oral risk is 1.46E-08. The 90th 
percentile for the combined risk of humans via the environment from inhalation and oral exposure 
is 7.56E-05. The AM for inhalation risk (2.15E-05) and for combined risk (2.15E-05) are by 
approximately factor 3.5 lower than the 90th percentile values. Risks from oral exposure are 
consistently lower than risks from inhalation for all sites. 

Risks span a range of four (GB sites) to six (GB + EEA sites) orders of magnitude, caused by differences 
in the size of the sites, amounts of substances used, losses due to overspray and filter/wet scrubber 
efficiency. The variation in the risks per site may also be related to uncertainties existing for some 
measurements since for instance for several sites the amount of substance used at the site was 
unknown (e.g., for many Art. 66 datasets) or the information on operational hours was uncertain. 

The combined risks of the sites with higher air emissions (EEA sites 22, 35, 38 and 39; all have air 
emissions > 5 kg/year) in the range between 9.88E-05 and 2.34E-04 are all close to the 90th percentile 
of calculated combined risks for all sites. 

The combined risks of the two sites with water emissions (combined risks of 1.97E-06 for Site 15 - EEA 
and 2.18E-06 for Site 26 - EEA) are well within the range of calculated risks.  

The MAX combined risk of GB sites (5.85E-06) is approximately one order of magnitude lower than the 
combined risk calculated for the 90th percentile emission data for all sites (GB + EEA) (7.56E-05). This 
can be explained by the lower amounts of Cr(VI) used at the GB sites providing emission data, leading 
ultimately to lower emissions and risks. However, it can be assumed that this difference comes from 
the small sample of GB sites and that in practice no lower quantities are used at GB sites than at EEA 
sites. Thus, the risks calculated for the total database (GB + EEA) are considered representative for 
GB sites. 

Note that the modelling of local air concentrations with EUSES is generally acknowledged as being 
overly conservative, as described in detail in section 9.1.2.5.2.  

Conclusion on risk characterisation: 

Carcinogenicity 

Combined risks of cancer by inhalation and by the oral route from the local assessment result in a 90th 
percentile for the excess cancer risk of 7.56E-05. These theoretical cancer risks are based on a 
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conservative, linear ERR. Further, due to the overly conservative nature of the predictions of the EUSES 
model for the local air concentrations the risk level can be considered an overestimation. 

Based on the gathered information and considering the implemented RMMs we conclude that risk of 
exposure is minimised. 

9.2.3.2 Worker contributing scenario 1 ς Spray operators for manual spraying in spray room/booth 

Spray operators for manual spraying in spray room/booth are usually involved in numerous activities 
related to the painting process. Most of their working time is spent in a paint area where the spray 
room(s) and/or booth(s) are located, either on activities with direct or indirect Cr(VI) exposure. Typical 
tasks with possible direct Cr(VI) exposure performed by these operators are: 

Main tasks 

¶ Task 1: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, 
PROC 8b, PROC 9) 

¶ Task 2: Primer application by manual spraying in open spray booth (PROC 7) 

¶ Task 3: Primer application by manual spraying in spray room (PROC 7) 

¶ Task 4: Primer application by spraying outside spray room/booth/hangar (PROC 7) 

¶ Task 5: Cleaning of spray gun(s) and equipment (PROC 28) 
 

Secondary tasks 

¶ Task 6: Mixing of larger volumes of liquid primer (including transport and connection of the 
primer solution at the place of use) (PROC 5, PROC 8b) 

¶ Task 7: Primer application by brushing/rolling (PROC 10) 

¶ Task 8: Handling of solid and/or liquid waste (PROC 8b) 

¶ Task 9: Maintenance and cleaning of spray area(s), including filter change (PROC 8b, 28) 

¶ Task 10: Machining on surfaces on an extraction bench/room/booth, including cleaning (PROC 
21, 24) 

¶ Task 11: Machining on surfaces in large work areas (e.g., workshop, hall, room), including 
cleaning (PROC 21, 24) 

¶ Task 12: Primer application by manual spraying in a dedicated spray hangar (PROC 7) 
 

As tasks 6 to 12 are main tasks performed by other SEGs, they are described in detail in the respective 
worker contributing scenarios Ψ{ǇǊŀȅŜǊǎ ŦƻǊ Ƴŀƴǳŀƭ ǎǇǊŀȅƛƴƎ ƛƴ a dedicated ǎǇǊŀȅ ƘŀƴƎŀǊΩ (tasks 6 and 
12; see section 9.2.3.3), ΨOperators performing brushing/rollingΩ όtask 7; see section 9.2.3.4), 
ΨaŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ŎƭŜŀƴƛƴƎ ǿƻǊƪŜǊǎ ŦƻǊ ǎǇǊŀȅ ŀǊŜŀόǎύΩ όtasks 8 and 9; see section 9.2.3.9) and 
ΨaŀŎƘƛƴƛǎǘǎΩ όtasks 10 and 11; see section 9.2.3.5).  

At a few GB sites, automated spray systems/spray robots are used. These sites usually spray specific 
components in larger quantities, making automation a reasonable approach. Furthermore, the 
geometry of the respective components allows for automated spraying. Automated spray 
systems/spray robots are closed systems where no worker is present during the spraying process. At 
sites where such equipment is used, it is typically supervised by the spray operators. The operator 
supervises the automated spraying process from a control area. Tasks with potential for exposure may 
be required when new primer solution needs to be connected to the system (task 6), when waste is 
generated and needs to be handled (task 8), or when the spray system needs to be maintained and 
cleaned (task 9). In addition, it may be necessary to open the system for a short period, for example, 
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to insert new parts to be sprayed or to remove already sprayed parts. Since the system is only opened 
when the spraying process is not in progress, it can be expected that exposure during such activities is 
lower than during the main (and secondary) tasks of spray operators for manual spraying in spray 
room/booth described above. Therefore, and because these activities occur at very few sites, they are 
not addressed separately in the present assessment. 

In the following sections, the conditions of use for each task with potential direct Cr(VI) exposure are 
specified and the individual activities are described in more detail. 

9.2.3.2.1 Conditions of use 

Table 9-14 summarises the conditions of use for the tasks with direct Cr(VI) exposure carried out by 
spray operators for manual spraying in spray room/booth. 

Table 9-14: Conditions of use ς Worker contributing scenario 1 ς Spray operators for manual 

spraying in spray room/booth 

Product (article) characteristics 

1: Primer products containing StC (water-based or solvent-based) 

Maximum concentration of StC [%] (w/w): 50 

Concentration of Cr(VI) from StC [%] (w/w): 13 

2: Primer products containing PCO (water-based or solvent-based) 

Maximum concentration of PCO [%] (w/w): 10 

Concentration of Cr(VI) from PCO [%] (w/w): 1 

3: Primer products containing PHD (water-based or solvent-based) 

Maximum concentration of PHD [%] (w/w): 24 

Concentration of Cr(VI) from PHD [%] (w/w): 6 

4: Primer products containing StC, PHD, PCO (water-based or solvent-based) 

Maximum total concentration of Cr(VI) from 
StC/PCO/PHD [%] (w/w): 

13 

Maximum Cr(VI) concentration in products 
(considers all above listed products) [%] 
(w/w): 

13 

Amount and concentration used (or contained in articles), frequency and duration of 
use/exposure 

Task 1: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, PROC 
8b, PROC 9) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 

Amount of product [L/shift]: 0.01 - 12 

Duration of task [min/shift]: 5 - 90 
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Frequency of task [days/year]: 24 - 240 

Task 2: Primer application by manual spraying in open spray booth (PROC 7) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 a 

Amount of product [L/shift]: 0.3 - 2 

Duration of task [min/shift]: 30 - 240 

Frequency of task [days/year]: 24 - 240 

Task 3: Primer application by manual spraying in spray room (PROC 7) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 a 

Amount of product [L/shift]: 0.1 - 8 

Duration of task [min/shift]: 5 - 480 

Frequency of task [days/year]: 4 - 240 

Task 4: Primer application by spraying outside spray room/booth/hangar (PROC 7) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 a 

Amount of product [L/shift]: 0.2 - 2 

Duration of task [min/shift]: 5 - 60 

Frequency of task [days/year]: <1 - 48 

Task 5: Cleaning of spray gun(s) and equipment (PROC 28) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 a 

Duration of task [min/shift]: <1 - 60 

Frequency of task [days/year]: 7 - 240 

Technical and organisational conditions and measures 

Task 1: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, PROC 
9) 

LEV: No 

Type of LEV: - 

Type of general ventilation in working hall: If not performed in a spray area with LEV, the 
working hall has mechanical ventilation 

Air changes per hour (ACH) of general 
ventilation: 

җо 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure 
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Task 2: Primer application by manual spraying in open spray booth (PROC 7) 

LEV: Yes 

Type of LEV: Enclosing hood - horizontal laminar flow booth 

Type of general ventilation in working hall: Mechanical ventilation 

Air changes per hour (ACH) of general 
ventilation: 

җо 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
During spraying, only persons involved in the 
spraying process are allowed in the area of the 
open spray booth. 

Task 3: Primer application by manual spraying in spray room (PROC 7) 

LEV: Yes 

Type of LEV: Spray room - laminar down-flow or cross-Ŧƭƻǿ όҗ 
10 ACH) 

Type of general ventilation in working hall: n.a. 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
During spraying, only persons involved in the 
spraying process are allowed in the spray room. 

Task 4: Primer application by spraying outside spray room/booth/hangar (PROC 7) 

LEV: No (not at all sites; where use of LEV is technically 
not feasible a battery powered filtering device or a 
device with external air supply is used) 

Type of LEV: - 

Type of general ventilation in working hall: Natural ventilation 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Enclosure of the area to be sprayed or, if this is not 
possible, spraying performed at times when only 
the sprayers are present in the work area 

Task 5: Cleaning of spray gun(s) and equipment (PROC 28) 

LEV: Yes, at least for blow-out and for the removal of 
extensive contamination, if not performed in a 
closed system b 
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Type of LEV LEV system installed in spray booth/room or 
cleaning room 

Type of general ventilation in working hall: n.a. 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Cleaning performed in a closed system. Where this 
is technically not feasible, restriction of access by 
means of signage or physical segregation or 
through strict procedure.  

Conditions and measures related to personal protection, hygiene, and health evaluation 

Gloves   

Chemical resistant gloves according to EN 374 as per relevant risk assessment must be worn during 
all tasks. 

Eye protection   

Eye protection as per relevant risk assessment must be worn during all tasks. 
If an air-fed hood, helmet, or full-mask is worn during spray application, no further eye protection 
is needed.  
Type of eye protection to be used for specific tasks is laid down in work instructions for the tasks. 

Task 1: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, PROC 
9) 

RPE: Yes, at least half mask with P3 filter if not 
performed under LEV or extraction 
hood/bench/booth 

Protection clothes: Yes, chemical protective clothing/coverall 

Task 2: Primer application by manual spraying in open spray booth (PROC 7) 

RPE: Yes, at least full mask with P3 filter (including 
combined gas-particle filter) 

Protection clothes: Yes, chemical protective coverall 

Task 3: Primer application by manual spraying in spray room (PROC 7) 

RPE: Yes, at least full mask with P3 filter (including 
combined gas-particle filter) 

Protection clothes: Yes, chemical protective coverall c 

Task 4: Primer application by spraying outside spray room/booth/hangar (PROC 7) 

RPE: Yes, where use of LEV is technically not feasible, a 
battery powered filtering device or a device with 
external air supply is used. Where LEV is used, half- 
or full-face mask with P3 filter (including combined 
gas-particle filter). 
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Protection clothes: Yes, chemical protective coverall 

Task 5: Cleaning of spray gun(s) and equipment (PROC 28) 

RPE: RPE is worn if industrial hygiene exposure 
assessment confirms RPE use is required 

Protection clothes: Yes, chemical protective coverall 

Other ŎƻƴŘƛǘƛƻƴǎ ŀŦŦŜŎǘƛƴƎ ǿƻǊƪŜǊǎΩ ŜȄǇƻǎǳǊŜ 

Task 1: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, PROC 
9) 

Place of use: Indoors 

Temperature: Room temperature 

Task 2: Primer application by manual spraying in open spray booth (PROC 7) 

Spray technique:  Spraying with no or low compressed air d 
Horizontal and downward spraying 

Place of use: Indoors 

Temperature: Room temperature 

Task 3: Primer application by manual spraying in spray room (PROC 7) 

Spray technique: Spraying with no or low compressed air d 

Place of use: Indoors 

Temperature: Room temperature 

Task 4: Primer application by spraying outside spray room/booth/hangar (PROC 7) 

Spray technique: Spraying with no or low compressed air d 

Place of use: Indoors 

Temperature: Room temperature 

Task 5: Cleaning of spray gun(s) and equipment (PROC 28) 

Place of use: Indoors 

Temperature: Room temperature 

Additional good practice advice. Obligations according to Article 37(4) of REACH do not apply 

None   

a Some products containing 50% StC (13% Cr(VI)) are used in an undiluted form.  

b At very few sites and infrequently (max. 1x/month) cleaning of aerograph is performed without LEV, but RPE is used. 

c For small volume spraying (<100 mL) in a three-sided open spray booth a disposable lab coat can also be used.  

d Compressed air of up to max. 7 bar. 
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9.2.3.2.2 Exposure and risks for workers 

Between individual sites, the number of spray operators for manual spraying in spray room/booth is 
variable, depending on several factors such as the size of the site, the organisation of the spraying area 
(one individual room/booth vs. several room(s)/booth(s), possibly organised in different departments), 
the distribution and throughput of work. The number of work shifts also differs between sites, ranging 
typically from one to three shifts per day. The shift duration is usually 8h but may also be between 7 
and 12h, depending on the organisation of the site and national laws. 

In GB, the number of spray operators for manual spraying in spray room/booth typically ranges 
between one and 14 workers per shift. Based on the arithmetic mean calculated from information 
received from DUs, in the following we assume that on average, ten sprayers (five per shift, two shifts) 
at 100% sites are engaged per day per site in this use.  

Below we describe in detail the relevant tasks with direct Cr(VI) exposure and the working conditions. 
The use conditions specified in Table 9-14 apply to these tasks. 

Task 1: Decanting/mixing of liquid primer and filling of guns/cups/small containers 

This task covers decanting/mixing of primer products and filling of vessels used for spraying or for 
brushing/rolling applications. In a dedicated area, the primer products are decanted from the 
containers and mixed. The dedicated area is either a specific work area in a workshop with mechanical 
ventilation, or e.g., a preparation cabin/hood/bench or worktable (see Figure VIII-6 in Annex VIII), all 
of which may be equipped with LEV.  

Usually, one to two workers perform this task at the same time. The worker first homogenizes the 
closed containers of primer products (bottles or buckets) by placing it on a shaking or rotating device. 
The worker then transfers the required amount of primer into a mixing vessel, either by careful pouring 
or by using a disposable device (e.g., a syringe). The mixing vessel is typically a disposable cup/bucket 
or a bucket with a disposable inner liner that is discarded after use. At some sites also a reusable 
cup/bucket is used which is then cleaned afterwards. In the mixing vessel, the worker usually adds to 
the primer solution a defined amount of activator and/or diluent solution. Then the worker mixes the 
solutions (using e.g., a spatula or metal stirrer). Typically, after mixing, the worker checks the viscosity 
of the mixture at least once (e.g., by pouring above the mixing vessel a small amount of the mixture 
through a sieve with a defined pore size and determining the viscosity based on the time it takes for 
the volume to flow through the pores) and readjusts, if necessary, by adding diluent solution followed 
by further mixing.  

After mixing, the closed mixing vessel is transported to the place of use (small containers are carried 
manually, larger containers are transported on a trolley). If the solution is used for spraying 
applications, the worker connects the vessel to the spraying system. Often, smaller vessels can be 
connected directly to a cup spray gun without the need to open the container. Larger vessels the 
worker positions at the spraying unit and carefully inserts a hose into the vessel through which the 
solution is pumped into the spraying system.  

At some sites, the entire filling and mixing process is largely automated, and the paint is fed directly 
from the packaging drums into the spray system via closed lines. Very little interaction by the operator 
is required at these sites. 

For the preparation of primer solutions for brushing/rolling, in addition to the procedure described 
above, workers may also use ready-to-use solutions where they combine separately packaged, small 
volumes of primer solution and activator. Viscosity testing is usually not required for these products.  
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Paint residues and empty chemical containers are collected in a special waste container for hazardous 
waste. Contaminated equipment is also collected in a container for hazardous waste. Paint residues, 
empty chemical containers and contaminated equipment are collected by an external waste 
management company (licensed contractor) for disposal of as hazardous waste. When cleaning of 
equipment after decanting/mixing is required, the wash solutions (water or solvent) are disposed of 
externally by a licensed contractor.  

Note that if the work area is not equipped with an LEV, the worker wears RPE. 

Task 2: Primer application by manual spraying in open spray booth 

At several sites, parts are sprayed in an open spray booth. According to the information provided by 
the sites, overall, spraying in an open spray booth is less frequent than in a spray room (task 3). A 
description of the setup of an open spray booth is given in section 9.2.2.3.1. 

For spraying the worker stands at the open side of the booth and sprays in the direction of the opposite 
wall. They use either a cup spray gun or a spray gun into which paint is fed via a pump system. The 
worker can move the parts to be sprayed within the booth as they are either suspended from rotatable 
carriers or positioned on a (rotating) table so that the worker can spray them evenly from all sides.  

Task 3: Primer application by manual spraying in spray room 

A description of the setup of a spray room is given in section 9.2.2.3.1. During the spraying process, 
the worker is inside the spray room. They use either a cup spray gun, an airbrush (small cup-spray gun 
enabling very precise spraying) or a spray gun into which paint is fed via a pump system. The part(s) 
is/are positioned on a rack. Typically, the worker moves along and around the part(s) so that they can 
spray the part(s) evenly from all sides. It may also be possible for the worker to move the components 
within the room if they are suspended or positioned on movable carriers.  

Task 4: Primer application by spraying outside spray room/booth/hangar 

Spraying outside a spray room or a dedicated spray hangar is only performed at very few sites and with 
low frequency. In such cases, spraying is carried out in a regular workshop or hangar without exhaust 
ventilation. Typically, this task is required when spraying on a large part (e.g., an entire helicopter or 
aircraft) is necessary and it is technically not feasible to place the part into a spray room or dedicated 
spray hangar (for example, when an aircraft is being repaired and mechanically worked on in a 
workshop without LEV and only minor touch-ups to the primer layer are subsequently required by 
spraying). Only isolated areas of surfaces are being sprayed in these cases (i.e., not the whole surface 
is sprayed). 

For spraying outside spray room/booth/hangar, the surface to be sprayed is either temporarily 
enclosed (e.g., by a tent specially designed for this purpose) and a mobile exhaust air extraction system 
is set up in the enclosure, or, at sites where this is technically not possible, spraying is carried out only 
at times when no other workers are present in the workshop (e.g., at night). These measures are taken 
to minimize the exposure of non-involved workers. Typically, only one worker performs the spraying. 
The worker stands on the floor or on a scaffold and sprays the area to be treated using a cup spray 
gun, or an airbrush. 
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Figure 9-2: 9ȄŀƳǇƭŜ ŦƻǊ ŀ άǘŜƴǘέ ǿƛǘƘ ƳƻōƛƭŜ [9± ƛƴǎǘŀƭƭŜŘ ƛƴ ŀ ǿƻǊƪƛƴƎ Ƙŀƭƭ ǘƻ ǇŜǊŦƻǊƳ 

spraying outside of a spray room/booth/hangar directly on the aircraft 

Task 5: Cleaning of spray gun(s) and equipment 

The spray gun and equipment used for spraying or brushing/rolling are cleaned after the process of 

primer application is completed. 

Cleaning of spraying equipment is performed after all spraying scenarios, but the procedure can be 

different, depending on the spraying system used at the site. The spray gun and equipment are cleaned 

e.g., within the LEV-equipped spraying area (spray booth/room/hangar), in a fume hood, on a vacuum 

table, in a paint mixing room or in a closed system. Typically, cleaning is performed by one worker per 

spray gun. To remove most of the paint the worker empties the spray gun, cleans it, and blows it with 

compressed air, typically within the LEV-equipped spraying area (spray booth/room/hangar), in a fume 

hood, or on a vacuum table. For further cleaning they use a solvent-based or water-based wash 

solution (depending on the base of the primer used). 

When using a spray gun into which paint is fed via a pump system, the worker usually blows it out it in 
the spray booth/room/hangar. They connect the spray gun to a tank with wash solution and typically 
clips the gun head into a designated vessel (e.g., a bucket). At the station where the vessel with wash 
solution is standing, the worker controls the supply and drain of the wash solution into the system. 
They pump the wash solution through the system for a certain period to clean the lines and the spray 
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gun from the inside. At some sites, instead of draining the used wash solution into a vessel, the worker 
sprays it with the gun into the exhaust system of the spray unit. After cleaning, the wash solution left 
in the system remains therein until the spray gun is used the next time.  

If a cup gun or airbrush is used, the operator may blow it out by manually filling the wash solution into 
the cup gun/airbrush and spraying the wash solution into a designated vessel or in the direction of the 
exhaust system of the spray booth/room/hangar. 

All types of spray guns can be further cleaned, which may be performed outside the spraying area, 
e.g., in the paint mixing room, a fume hood or on a vacuum table or in a cleaning system. At several 
sites the worker rinses the spray gun with wash solution or immerses (parts of) the spray gun in wash 
solution. It may be necessary that they disassemble the spray gun prior to cleaning and, in case of 
larger paint residues on the gun, that they use a brush for cleaning. At other sites, the worker places 
the spray head of the spray gun (assembled or disassembled) in a dedicated automatic gun washing 
machine wherein it is then washed. The washing machine is a closed system, from which the worker 
does not experience exposure during the cleaning process (see Figure VIII-5 in Annex VIII).  

Cleaning of brushing/rolling equipment (e.g., brushes) is also performed e.g., in the paint mixing room, 
a fume hood or on a vacuum table by rinsing or immersing the equipment in wash solution. The 
brushing/rolling equipment can also be cleaned in an automatic cleaner with closed loop (located in a 
dedicated place in the paint shop area).  

The wash solutions are collected by an external waste management company (licensed contractor) for 
disposal of as hazardous waste.  

9.2.3.2.2.1 Inhalation exposure 

Measured inhalation exposure concentration 

In total, 144 personal monitoring data and 12 stationary data are included in the inhalation exposure 
assessment for this SEG. Of the 144 personal monitoring data, 33 are long-term όҗнƘύ11, shift-
representative and 111 are short-term (<2h) measurements. The 12 stationary measurements can be 
divided in eight long-term measurements and four short-term measurements. 

The personal monitoring data come from 20 sites in GB. About 55% of the data (79 values, including 
67 short-term and 12 long-term measurements) are <LOQ and 45% (65 values, including 44 short-term 
and 21 long-term measurements) are >LOQ.  

The 12 stationary data come from six sites in GB. About 58% of the stationary measurements (seven 
values, including two short-term and five long-term measurements) are <LOQ and 42% (five values, 
including two short-term and three long-term measurements) are >LOQ.  

Table 9-15 gives an overview of the available data for spray operators for manual spraying in spray 
room/booth.  

 

 
11 All long-ǘŜǊƳ ƳŜŀǎǳǊŜƳŜƴǘǎ όҗнƘύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǎƘƛŦǘ-representative measurements and used as such as 8h TWA 
exposure values; no recalculation has been performed. Measurements <2h were not used to calculate 8h TWA exposure 
values. 
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Table 9-15: Overview of available inhalation exposure measurements for WCS 1 ς Spray 

operators for manual spraying in spray room/booth at GB sites 

 Total >LOQ <LOQ 

Personal 

- Long-ǘŜǊƳ όҗнƘύ 33 21 12 

- Short-term (<2h) 111 44 67 

Stationary 

- Long-ǘŜǊƳ όҗнƘύ 8 3 5 

- Short-term (<2h) 4 2 2 

The measurements were performed on workers carrying out tasks with primer products containing StC 
and/or PCO and/or PHD. During some measurements, the workers also may have had Cr(VI) exposure 
from primer products not covered under the present use (e.g., from spraying of wash primers or 
bonding primers) or from uses of other chromates (e.g., when performing slurry coating with 
chromium trioxide). Note that the chromate used during the measurement could not always be clearly 
assigned. According to the information given in the monitoring reports, during some measurements, 
several chromates may have been used. In some reports, no information was given on the substance 
used. 

Further, it has to be considered that the initial applications did not explicitly distinguish between "open 
booth" and "room" in the exposure scenario. The wording used in the initial applications was "spraying 
in spray cabin/spray booth". Consequently, the sites submitting measured values did in most cases do 
not specify whether spraying was performed in an "open booth" or in a "roomέΦ We only assigned 
those measurement data to spraying in open spray booth where it was explicitly described in the data 
documentation that the spray facility was an open spray booth (for example, it was described that the 
booth is "open"). We did not consider the sole use of the term "booth" as a reason for assigning the 
data to open spray booth, since the word άboothέ can be used universally for both spraying facilities. 
Due to these stringent criteria for the assignment of the measurement data to the open spray booth, 
it is likely that certain measurement data were counted for spraying in the spray room, although actual 
spraying in an open spray booth was performed, if the latter could not be clearly understood from the 
documentation. Accordingly, the number of measurement values cannot be used to conclude the 
distribution of spraying activities in either open booth or room. 

Table 9-16 shows the summary statistics of workplace measurements for spray operators. For values 
<LOQ, we considered half of the LOQ (LOQ/2) for statistical evaluation. Measurements are from the 
period 2017-2022. Further, specific evaluations analyse the role of individual tasks or differences 
between individual substances. Annex IV of this report provides a summary on the analytical methods 
for inhalation exposure monitoring and information on their LOQs. The individual measurements can 
be provided upon request. 
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Table 9-16: Summary statistics of inhalation exposure measurements for WCS 1 ς Spray 

operators for manual spraying in spray room/booth at GB sites 

Personal ς long-term (measurement period 2017 - 2022) 

 N % of 
total 

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 33 100 2.99 4.32 1.10 5.00 

Specific evaluations:       

- Spray room 31 93.9 3.03 4.43 1.10 5.00 

- Tasks without spraying 2 6.06 n.a. n.a. n.a. n.a. (MAX = 
4.45) a 

- Spray room with StC exclusively 28 84.8 3.19 4.62 1.05 6.23 

- Spray room with PCO exclusively 2 6.06 n.a. n.a. n.a.  n.a. (MAX = 
3.00) b 

Personal ς short-term (measurement period 2017 - 2022) 

 N % of 
total 

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 111 100 37.8 89.2 2.5 101 

Specific evaluations:       

- Spray in open spray booth 5 4.50 3.94 n.a. n.a.  n.a. (MAX = 
7.00) 

- Spray room 63 56.8 62.3 112 3.80 259 

- Tasks without spraying 43 38.7 5.83 16.1 2.50 3.00 

- Spray room with StC exclusively 54 48.7 68.2 119 3.00 284 

- Spraying in room, PCO 
exclusively 

4 3.60 23.8 n.a. n.a. n.a. (MAX = 
54.0) 

- Spray  room with PHD 
exclusively 

1 0.901 n.a. n.a. n.a. n.a. (MAX = 
1.50) c 

Stationary ς long-term (measurement period 2017 - 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 8 100 1.04 n.a. n.a. n.a. 

Specific evaluations:       

- Spray room 4 50.0 1.63 n.a.  n.a.  n.a. (MAX = 
6.00) 

- Tasks without spraying 4 50.0 0.445 n.a. n.a.  n.a. (MAX = 
0.980) 
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Stationary ς short-term (measurement period 2021) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 4 100 5.0 n.a. n.a n.a. (MAX = 
9.50) 

Specific evaluations:       

- Spray room  4 100 5.0 n.a.  n.a.  n.a. (MAX = 
9.50) 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure.  

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

a The individual values are 4.45 and 0.500 µg/m3 (<LOQ and reflects ½ LOQ). 

b The individual values are 3.00 and 0.500 µg/m3 (<LOQ and reflects ½ LOQ). 

c The individual value is 1.50 µg/m3 (<LOQ and reflects ½ LOQ). 

Personal measurements ς long-term 

The 90th percentile over all long-term personal measurements is 5.00 µg/m3. Out of the 33 total 
measurements 31 (93.9%) cover spraying in a spray room, no measurement was performed during 
spraying in an open spray booth. Therefore, no statement about the similarity or difference in exposure 
from ǎǇǊŀȅƛƴƎ ƛƴ ŀƴ άƻǇŜƴ ōƻƻǘƘέ ƻǊ ǊƻƻƳ Ŏŀƴ ōŜ ƳŀŘŜ ōŀǎŜŘ ƻƴ this data set.  

The 31 measurements cover next to the primary tasks (i.e., decanting/mixing of liquid primer and filling 
of guns/cups/small containers (task 1) and/or cleaning of spray gun(s) and equipment (task 5))  also 
secondary tasks, which were performed by spray operators (i.e., Primer application by brushing/rolling 
(task 7), Handling of solid and/or liquid waste (task 8), Maintenance and cleaning of spray area(s), 
including filter change (task 9), Machining on surfaces on an extraction bench/room/booth, including 
cleaning (task 10), Machining on surfaces in large work areas (e.g., workshop, hall, room), including 
cleaning (task 11)). The 90th percentile for these measurements is 5.00 µg/m3. 

No personal long-term measurements are available for spraying in open spray booth or for spraying 
outside spray booth/room/hangar. Presumably, a reason why no long-term values have been provided 
for these tasks may be that spraying in open spray booth is performed less frequently and rather short-
term (see section below) than spraying in room. Furthermore, spraying outside of spray 
booth/room/hangar is usually performed only for a short duration. 

Of the 31 measurements, 28 values (84.8%) cover main tasks performed exclusively with StC, with a 
90th percentile of 6.23 µg/m3. Two measurements (6.06%) cover main tasks performed with PCO 
exclusively, with a maximum value of 3.00 µg/m3 (value range: 0.500 µg/m3 to 3.00 µg/m3). No 
values have been provided for PHD.  Accordingly, no substance-specific differences in exposure levels 
can be derived from the data set. 

Use of RPE was reported for all measurements covering spraying tasks and for most measurements 
covering task 1 and/or 5. 
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Personal measurements ς short term 

A total of 111 personal short-term measurements were taken while the workers performed the main 
tasks, partly also including secondary tasks of spray operators for manual spraying in spray 
room/booth. The number of measurements presented below cover the individual main tasks. Note 
that in several cases the worker carried out more than one task during the measurement (so these 
data are counted more than once in the list). 

¶ Decanting/mixing of liquid primer and filling of guns/cups/small containers (task 1): 63 (GB) 

¶ Primer application by manual spraying in open spray booth (task 2): 5 (GB) 

¶ Primer application by manual spraying in spray room (task 3): 63 (GB) 

¶ Primer application by spraying outside spray booth/room/hangar (task 4): 31 (EEA; no GB data) 

¶ Cleaning of spray gun(s) and equipment (task 5): 50 (GB) 

The 90th percentile of all short-term measurements is 101 µg/m3. Out of the 111 short-term 
measurements, only five (4.50%) cover spraying in an open spray booth (task 2) with an AM of 3.94 
µg/m3. With 63 values (56.8%) most of the measurements cover spraying in a spray room (task 3). The 
90th percentile of spraying in a spray room is 259 µg/m3, showing that this spraying task has a strong 
impact on the 90th percentile of the total short-term data. 

No spraying activity but the main tasks decanting/mixing of liquid primer and/or filling of 
guns/cups/small containers (task 1) and cleaning of spray gun(s) and equipment (task 5) and/or 
secondary tasks (e.g., Primer application by brushing/rolling (task 7), Handling of solid and/or liquid 
waste (task 8), Maintenance and cleaning of spray area(s), including filter change (task 9), Machining 
on surfaces on an extraction bench/room/booth, including cleaning (task 10), Machining on surfaces 
in large work areas (e.g., workshop, hall, room), including cleaning (task 11)) were performed during 
43 measurements (36.8%), for which the 90th percentile is 3.00 µg/m3.  

During 54 measurements the only exposure task was spraying in a spray room using exclusively StC, 
with an AM of 68.2 µg/m3 and a 90th percentile of 284 µg/m3. Four values cover exclusively spraying 
with PCO, with a maximum value of 54.0 µg/m3 (value range: 1.00 µg/ m3 to 54 µg/m3). Spraying of 
exclusively PHD is covered by only one measurement with a measured value of 1.50 µg/m3.Due to 
limited number of monitoring data for PCO and PHD only, no substance-specific differences in 
exposure levels can be derived from the data set. 

Use of RPE was reported for all measurements covering spraying tasks and for most measurements 
covering task 1 and/or 5. 

Stationary measurements ς long-term 

For the eight long-term stationary measurements the AM is 1.04 µg/m3. As described above for the 
personal monitoring data, we have assigned values to spraying in a spray room if it was not 
unambiguous from the activity description of the data, that spraying was performed in an open spray 
booth. No stationary long-term measurements are available for primer application by spraying in open 
spray booth and spraying outside spray booth/room/hangar. 

Four values (50.0%) cover spraying in spray room. Out of these four values, two values cover spraying 
in spray room exclusively, while the other two values representing spraying in a spray room in 
combination with e.g. cleaning of spray gun(s) and equipment (task 5). The remaining four 
measurements were taken while the workers exclusively performed decanting/mixing of liquid primer 
and filling of guns/cups/small containers (task 1). 
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Due to the lack of data for single-substance measurements for StC, PHD and PCO, no statement on 
substance-specific exposure can be made based on the stationary long-term measurements. 

Stationary measurements ς short-term 

The four stationary short-term measurements were taken while the workers performed the main tasks 
of spray operators for manual spraying in spray room/booth. Decanting/mixing of liquid primer and 
filling of guns/cups/small containers (task 1) and Cleaning of spray gun(s) and equipment (task 5)), in 
combination with secondary tasks (i.e., Primer application by brushing/rolling (task 7) and 
Maintenance and cleaning of spray area(s), including filter change (task 9)). The AM of the four values 
(two sites) is 5.00 µg/m3 (range: 0.400 µg/m³ to 9.50 µg/m³), which is considerably lower than the AM 
(62.3 µg/m3) and the 90th percentile (259 µg/m3) of the personal short-term values (N = 63; 16 sites) 
covering spraying in a spray room. This can be due to the circumstance that the stationary sampling 
devices may have been set up at a further distance from the emission source than where the worker 
is typically acting during personal sampling. However, a clear statement cannot be made based on only 
four data points. 

 

Primer application by spraying outside spray room/booth/hangar  

For task 4, Primer application by spraying outside spray room/booth/hangar, no data from GB sites are 
available. Therefore, we report in Table 9-17. data from EEA sites using this task as a proxy for GB data. 
As it is expected that the conditions of use in GB are comparable to those in EEA, we consider it 
appropriate to use these data for the exposure assessment of task 4 in GB. 

Table 9-17: Summary statistics of inhalation exposure measurements for WCS 1 ς Spray 

operators for manual spraying outside open spray booth/room/hangar at EEA 

sites 

Personal ς short-term (measurement period 2017 - 2023) 

 N % of total AM 
[µg/m3] 

SD [µg/m3] Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

- Spraying outside open 
spray 
booth/room/hangar 

31 6.11 486 461 354  967 

Stationary ς short-term (measurement period 2018 - 2023) 

 N % of total AM 
[µg/m3] 

SD [µg/m3] Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

- Spraying outside open 
spray 
booth/room/hangar 

2 3.64 n.a. n.a. n.a. n.a. (MAX = 
3450) a 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure. 

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

a The individual values are 706 and 3450 µg/m3. 
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Spraying outside a spray booth/room/hangar is performed only at a few sites in EEA and with low 
frequency. In total, 31 personal short-term and two stationary short-term measurements are available. 
The 90th percentile for the personal monitoring data is 967 µg/m3. For the two measurements covering 
spraying outside of spray booth/room/hangar, the individual values are 706 (application of basic 
primer PAC 33, PHD) and 3450 µg/m3 (application of wash primer P99, PHD). Both measurements were 
taken for 30 min, 1 m away from the worker applying the primer. It has to be noted that the use of 
wash primer is not covered by this use and that the measurement from the use of wash primer is 
formally not part of this use. However, as described in section 9.1.2.6.2, for the assessment of this use 
it is not possible to exclude values covering exposure from other uses. 

The monitoring data for task 4 are considerably higher than the monitoring data for spraying in a spray 
room since no exhaust ventilation is used in the area where spraying is performed. 

Automated spraying 

At a few sites also automated spraying is performed, which is not considered as a separate task. 
Spraying takes place in a closed system and the worker only supervises spraying from a control area. 
A few monitoring data are available representing automated spraying, as shown in the below table. 
Two long-term personal and stationary measurements are available from GB sites with an AM of 0.01 
µg/m³ and a maximum value of 0.01 µg/m³. The values indicate that worker exposure from automated 
spraying is comparably low. No short-term data are available, neither for personal nor for stationary 
measurements.  

Table 9-18: Summary statistics of inhalation exposure measurements for WCS 1 ς Spray 

operators for manual spraying in spray room/booth ς Automated spraying at GB 

sites 

Automated spraying (measurement period 2019 - 2022) 

 N AM [µg/m3] SD [µg/m3] Median [µg/m3] 90th Perc. [µg/m3] 

Personal ς long-term 2 0.01 n.a. n.a. n.a. (MAX = 0.01) a 

Stationary ς long-term 2 0.01 n.a. n.a. n.a. (MAX = 0.01) a 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure. 

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

a The individual values are two times 0.01 µg/m3 (<LOQ and reflects ½ LOQ). 

Risk characterisation is based on the complete set of long-term personal measurements from GB sites. 
Table 9-19 shows the resulting long-term inhalation exposure concentration for spray operators for 
manual spraying in spray room/booth used for risk assessment, based on the 90th percentile of 
personal sampling values.  

RPE is worn for all spraying tasks and, also for task 1 and task 5, at least if they are not performed 
under LEV. Therefore, use of RPE is considered in the exposure assessment. Since the 90th percentile 
of long-term measurements is dominated by spray applications, for which RPE is always worn, we 
consider it appropriate to account for its use (even though some sites performed individual low-
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exposure tasks without RPE, ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎƛǘŜΩǎ ƛƴŘǳǎǘǊƛŀƭ ƘȅƎƛŜƴŜ ŜȄǇƻǎǳǊŜ ŀǎǎŜǎǎƳŜƴǘ). 
Accordingly, an APF of 20 is applied to the exposure value. 

At most sites the workers do not spend their whole work shift on Cr(VI) tasks related to manual 
spraying in a room or booth (e.g., they also spray Cr(VI)-free products or perform masking during their 
work shift). However, for a conservative assessment, we consider that 100% of their working time are 
spent on Cr(VI) tasks related to manual spraying in a room or booth. Accordingly, no correction is made 
in the assessment for the working time spent on tasks related to this use (time correction factor for 
Cr(VI) tasks = 1.00). 

As stated above, some measurements cover (partial) exposure from uses not related to the present 
use, but it is not possible to differentiate the measurement data according to uses. However, we 
consider that workers have partial exposure from use of bonding and/or wash primers containing StC, 
PCO and/or PHD, since they spend part of their working time on using such primer types. Therefore, 
we apply an additional factor to the 90th percentile to account for that. This factor is based on the 
market shares of the primer types covered under the different uses and is 0.780 for the present use 
(as described in section 9.1.2.6.2). 

Table 9-19: Measured inhalation exposure concentration for WCS 1 ς Spray operators for 

manual spraying in spray room/booth at GB sites  

Type of 
measure-
ment 

Number of 
measure-
ments 

Exposure 
value a 
[µg/m3]  

Assigned 
protection 
factor (APF) 
for RPE b 

Exposure 
value 
corrected 
for RPE 
[µg/m3] 

Time 
correction 
factor for 
Cr(VI) tasks c 

Market 
share 
correction 
factor d 

Long-
term 
exposur
e e 

[µg/m3]  

Personal 33 5.00 20 0.250 1.00 0.780 0.195 

All exposure values rounded to three significant figures for presentation, but unrounded values were used for calculation of 
exposure. 

a Based on 90th percentile of measurements. 

b RPE is used, see above. 

c Since the workers spend 100% of their working time on Cr(VI) tasks a time correction factor of 1.00 is used.  

d The share of primer types covered under the present use is 0.780 compared to all primer types on the market relevant for 
ADCR. 

e The factors for time correction and market share were applied (see text above). 

 

Note that spraying outside of spray booth/room/hangar leads to high exposure values, which are not 
considered by the 90th percentile of long-term measurements, since only short-term measurements 
are available for this task. However, based on data from EEA sites, it can be considered that this task 
is performed at maximum for 60 min 1x/week, and that RPE with APF 40 was worn (battery-powered 
filtering device (APF 40) or device with external air supply (APF 250)), long-term exposure from this 
task would be 0.471 µg/m3 (967 µg/m3 x (60 min/480 min) = 121 µg/m3/shift, 121/5 = 24.2 
µg/m3/week, application of APF 40 = 0.604 µg/m3, considering GB market share correction factor of 
0.780 = 0.471 µg/m3). 

Accordingly, for workers performing spraying outside of spray booth/room/hangar, exposure from this 
task contributes to their long-term exposure, if they perform it in addition to the other tasks listed 
above. For these workers, long-term exposure is 0.666 µg/m3 (0.195 + 0.471 = 0.666 µg/m3). However, 
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we would like to emphasize that this activity is only carried out at very few sites by a small number of 
workers.  

9.2.3.2.2.2 Risk characterisation 

Risk for carcinogenicity 

Table 9-20 shows the risk characterisation for carcinogenicity for spray operators for manual spraying 
in spray room/booth. The risk for carcinogenicity is based on measured Cr(VI) inhalation exposure data 
for these workers and the RAC dose-response relationship for the excess lifetime cancer risk for lung 
cancer (ECHA, 2013a). 

Table 9-20 Risk characterisation for carcinogenicity for WCS 1 ς Spray operators for manual 

spraying in spray room/booth 

Route of exposure and 
type of effects 

Long-term exposure 
[µg/m3] 

Risk characterisation: 
Excess lifetime lung 
cancer risk a [1/µg/m3]  

Excess lifetime cancer 
risk (ELCR) b 

Inhalation: Systemic 
Long Term (for workers 
not also spraying 
outside of spray 
booth/room/hangar) 

0.195 4.00E-03 7.80E-04 

Inhalation: Systemic 
Long Term (for workers 
also spraying outside of 
spray 
booth/room/hangar) 

0.666 4.00E-03 2.66E-03 

All values rounded to three significant figures for presentation, but unrounded values used for calculation of exposure. 

a RAC dose-response relationship based on excess lifetime lung cancer risk (ECHA, 2013a): Exposure to 1 µg/m3 Cr(VI) relates 
to an excess risk of 4x10-3 for workers, based on 40 years of exposure; 8h/day; 5 days/week. 

b Excess lifetime lung cancer risk. 

Conclusion on risk characterisation  

Carcinogenicity 

The excess life-time cancer risk for spray operators for manual spraying in spray room/booth is 7.80E-
04 for sprayers not performing spraying outside of spray booth/room/hangar and 2.66E-03 for 
sprayers also performing spraying outside of spray booth/room/hangar. 

This risk estimate can be considered as conservative, because: 

- it is based on a conservative exposure-risk relationship (ERR), 
- it uses the 90th percentile of the reported long-term measurements,  
- these measurements were not corrected for their duration but assumed to be shift 

representative values. 
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In GB on average, we assume that ten sprayers are engaged per day per site in this use at sites where 
no spraying outside of spray booth/room/hangar is performed. There are no GB data for spraying 
outside of spray booth/room/hangar. Therefore, EEA data are used. In EEA at sites carrying out 
spraying outside of spray booth/room/hangar, one sprayer per day per site (20% of sites) is engaged 
in this use. For sites where the work is distributed among a higher number of workers, a higher number 
of people would have to be considered, but their long-term average individual exposure concentration 
would be lower. 

9.2.3.2.2.3 Biomonitoring 

A detailed description of how the biomonitoring data was compiled and additional information on the 
available database is provided in Annex V of this CSR. 

For this WCS biomonitoring data are available from nine sites in GB, sampled in the years 2017-2022. 
The data cover the main tasks of spray operators for manual spraying in spray room/booth and some 
measurements additionally cover main tasks performed by: 

¶ Spray operators for manual spraying in a dedicated spray hangar 

¶ Machinists 

Biomonitoring data were reported by companies either as individual values or as results for groups of 
workers and are reported here accordingly (see Annex V). The following table shows the summary 
statistics for the individual values and an overview of the available group entries.  

Table 9-21: Biomonitoring data for WCS 1 ς Spray operators for manual spraying in spray 

room/booth  

Individual values 

N 54 

AM [µmol Cr/mol creatinine] 1.51 

Median [µmol Cr/mol creatinine] 0.851 

90th Perc. [µmol Cr/mol creatinine] 2.04 

N > 10.0 µmol Cr/mol creatinine 1 

% of data with > 10.0 µmol Cr/mol creatinine 1.85% 

All exposure values rounded to three significant figures for presentation. 

In total, 54 individual values are available, with an AM of 1.51 µmol Cr/mol creatinine and a 90th 
percentile of 2.04 µmol Cr/mol creatinine. Only one value exceeds 10.0 µmol Cr/mol creatinine (UK 
BMGV) with 11.09 µmol Cr/mol creatinine. 

Overall, the reported biomonitoring data confirm that the body burden of spray operators for manual 
spraying in spray room/booth exceeded the recommended UK BMGV value in GB only on one occasion. 

The biomonitoring data are not considered quantitatively for the present exposure and risk assessment 
due to the reasons described in section 9.1.2.6.2. 
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9.2.3.3 Worker contributing scenario 2 ς Spray operators for manual spraying in a dedicated spray 
hangar 

Spray operators for manual spraying in a dedicated hangar are usually involved in several activities 
related to the painting process. Typical tasks with possible Cr(VI) exposure performed by these 
operators are: 

Main tasks 

¶ Task 1: Mixing of larger volumes of liquid primer (including transport and connection of the 
primer solution at the place of use) (PROC 5, PROC 8b) 

¶ Task 2: Primer application by manual spraying in a dedicated spray hangar (PROC 7) 

Secondary tasks 

¶ Task 3: Cleaning of spray gun(s) and equipment (PROC 28) 

¶ Task 4: Handling of solid and/or liquid waste (PROC 8b) 

¶ Task 5: Primer application by brushing/rolling (PROC 10) 

¶ Task 6: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, 
PROC 9) 

¶ Task 7: Maintenance and cleaning of spray area(s), including filter change (PROC 8b, 28) 

¶ Task 8: Sanding of large surfaces containing Cr(VI) in a dedicated hangar, including cleaning 
(PROC 21, PROC 24) 

¶ Task 9: Primer application by manual spraying in spray room (PROC 7) 

¶ Task 10: Machining on surfaces on an extraction bench/room/booth, including cleaning (PROC 
21, 24) 

¶ Task 11: Machining on surfaces in large work areas (e.g., workshop, hall, room), including 
cleaning (PROC 21, 24) 

As tasks 3 to 11 are main tasks performed by other SEGs, they are described in detail in the respective 
ǿƻǊƪŜǊ ŎƻƴǘǊƛōǳǘƛƴƎ ǎŎŜƴŀǊƛƻǎ Ψ{ǇǊŀȅŜǊǎ ŦƻǊ Ƴŀƴǳŀƭ ǎǇǊŀȅƛƴƎ ƛƴ spray room/boothΩ όǘŀǎƪǎ 3, 6, and 9; 
see section 9.2.3.2ύΣ ΨhǇŜǊŀǘƻǊǎ ǇŜǊŦƻǊƳƛƴƎ brushing/rollingΩ όǘŀǎƪ 5; see section 9.2.3.4ύΣ ΨaŀƛƴǘŜƴŀƴŎŜ 
ŀƴŘ ŎƭŜŀƴƛƴƎ ǿƻǊƪŜǊǎ ŦƻǊ ǎǇǊŀȅ ŀǊŜŀόǎύΩ όǘŀǎƪǎ 4 and 7; see section 9.2.3.9ύ ŀƴŘ ΨaŀŎƘƛƴƛǎǘǎΩ όǘŀǎƪǎ 10 
and 11; see section 9.2.3.5).  

In the following sections, the conditions of use for each task with potential direct Cr(VI) exposure are 
specified and the individual activities are described in more detail. 

9.2.3.3.1 Conditions of use 

Table 9-22 summarises the conditions of use for the tasks with direct Cr(VI) exposure carried out by 
Spray operators for manual spraying in a dedicated spray hangar. 

Table 9-22: Conditions of use ς Worker contributing scenario 2 ς Spray operators for manual 

spraying in a dedicated spray hangar 

Product (article) characteristics 

1: Primer products containing StC (water-based or solvent-based) 

Maximum concentration of StC [%] (w/w): 50 

Concentration of Cr(VI) from StC [%] (w/w): 13 
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2: Primer products containing PCO (water-based or solvent-based) 

Maximum concentration of PCO [%] (w/w): 10 

Concentration of Cr(VI) from PCO [%] (w/w): 1 

3: Primer products containing PHD (water-based or solvent-based) 

Maximum concentration of PHD [%] (w/w): 24 

Concentration of Cr(VI) from PHD [%] (w/w): 6 

4: Primer products containing  StC,and/or PHD, PCO (water-based or solvent-based) 

Maximum total concentration of Cr(VI) from 
StC/PCO/PHD [%] (w/w): 

13 

Maximum Cr(VI) concentration in products 
(considers all above listed products) [%] 
(w/w): 

13 

Amount and concentration used (or contained in articles), frequency and duration of 
use/exposure 

Task 1: Mixing of larger volumes of liquid primer (PROC 5, PROC 8b) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 

Amount of product [L/shift]: 10 - 200 

Duration of task [min/shift]: 5 - 120 

Frequency of task [days/year]: 7 - 240 

Task 2: Primer application by manual spraying in a dedicated spray hangar (PROC 7) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 

Amount of product [L/shift]: 0.01 - 30 

a) short-term   

Duration of task [min/shift]: 10 - 30 

Frequency of task [days/year]: 2 - 48x/year * 

b) long-term   

Duration of task [min/shift]: 10 - 240 

Frequency of task [days/year]: 2 - 48x/year * 

Technical and organisational conditions and measures 

Task 1: Mixing of larger volumes of liquid primer (PROC 5, PROC 8b) 

LEV: No 

Type of LEV: - 
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Type of general ventilation in working hall: Mechanical ventilation 

Air changes per hour (ACH) of general 
ventilation: 

 җ о!/I 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 

Task 2: Primer application by manual spraying in a dedicated spray hangar (PROC 7) 

LEV: Yes 

Type of LEV: Spray hangar - laminar down-flow or cross-Ŧƭƻǿ όҗ 
3 ACH) 

Type of general ventilation in working hall: n.a. 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
During spraying, only persons involved in the 
spraying process are allowed in the dedicated 
spray hangar. 

Conditions and measures related to personal protection, hygiene, and health evaluation 

Gloves   

Chemical resistant gloves according to EN 374 as per relevant risk assessment must be worn 
during all tasks. 

Eye protection   

Eye protection as per relevant risk assessment must be worn during all tasks. 
If an air-fed hood, helmet, or full-mask is worn during spray application, no further eye protection 
is needed.  
Type of eye protection to be used for specific tasks is laid down in work instructions for the tasks. 

Task 1: Mixing of larger volumes of liquid primer (PROC 5, PROC 8b) 

RPE: Yes, at least full mask with P3 filter (including 
combined gas-particle filter) if not performed 
under LEV or extraction bench/booth. 

Protection clothes: Yes, chemical protective coverall or apron 

Task 2: Primer application by manual spraying in a dedicated spray hangar (PROC 7) 

a) short-term   

RPE: Yes, at least full mask with P3 filter (including 
combined gas-particle filter) 

Protection clothes: Yes, chemical protective coverall 

b) long-term   
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RPE: Yes, ambient air-independent breathing apparatus 
(fresh air hose, compressed air line, supplied-air 
respirator or similar, see Annex VI) 

Protection clothes: Yes, chemical protective coverall 

hǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀŦŦŜŎǘƛƴƎ ǿƻǊƪŜǊǎΩ ŜȄǇƻǎǳǊŜ 

Task 1: Mixing of larger volumes of liquid primer (PROC 5, PROC 8b) 

Place of use:  Indoors 

Temperature:  Room temperature 

Task 2: Primer application by manual spraying in a dedicated spray hangar (PROC 7) 

Place of use:  Indoors 

Temperature:  Room temperature 

Spray technique:  Spraying with no or low compressed air 

Additional good practice advice. Obligations according to Article 37(4) of REACH do not apply 

None   

* Task is typically performed irregularly. 

9.2.3.3.2 Exposure and risks for workers 

Between individual sites, the number of spray operators for manual spraying in a dedicated spray 
hangar is variable, depending on several factors such as the size of the site, the size of the parts and 
surfaces to be sprayed in the dedicated spray hangar (e.g., whole airplane, helicopter, fuselage, only 
small area on aircraft, etc.), the distribution and throughput of work. The number of work shifts also 
differs between sites, ranging typically from one to three shifts per day. The shift duration is usually 
8h but may also be between 7 and 12h, depending on the organisation of the site and national laws. 

In GB, the number of operators for spraying in a dedicated spray hangar typically ranges between one 
and six workers per shift for short-term spraying and between one and 56 workers per shift for long-
term spraying. Based on the arithmetic mean calculated from information received from DUs, in the 
following we assume that on average eight sprayers (four per shift, two shifts) are engaged per day 
per site (at 20% of sites in short-term spraying) and that 18 sprayers (18 per shift, one shifts) are 
engaged per day per site (at 20% of sites in long-term spraying).  

Below we describe in detail the relevant tasks with direct Cr(VI) exposure and the working conditions. 
The use conditions specified in Table 9-22 apply to these tasks. 

Task 1: Mixing of larger volumes of liquid primer (including transport and connection of the primer 
solution at the place of use) 

This task covers mixing of large volumes of liquid primer products. It also includes the transport of the 
vessel containing the mixture and connection of the mixed primer solution at the place of use. 

In a dedicated area, the primer products are decanted from the containers and mixed. The dedicated 
area is either a specific work area in a workshop with mechanical ventilation, or e.g., a mixing room, 
which may be equipped with LEV. 
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Usually, one to two workers perform this task at the same time. The worker takes the closed containers 
(typically packaging drums) with primer solution from the storage room or shelf and places them on a 
shaking or rotating device for homogenization. After homogenization they then open the containers 
in the dedicated mixing area. They carefully pour the required amount of primer and activator (and 
where required also thinner) together in a mixing vessel. The mixing vessel is typically a disposable 
bucket or a bucket with a disposable inner liner that is discarded after use. At some sites also a reusable 
bucket is used which is cleaned after use. The solution is then stirred either automatically or using a 
manual stirrer.  

Typically, after mixing, the worker checks the viscosity of the mixture at least once (e.g., by pouring 
above the mixing vessel a small amount of the mixture through a sieve with a defined pore size and 
determining the viscosity based on the time it takes for the volume to flow through the pores) and 
readjusts, if necessary, by adding thinner followed by further mixing.  

When the mixing process is finished, the worker closes the vessel with the mixed primer solution and 
transports it on a cart to the place of use. At the place of use (e.g., a dedicated spray hangar, spray 
room or automated spraying system), the worker connects the vessel to the spraying system. They 
position the vessel at the spraying unit and carefully inserts a hose into the vessel through which the 
solution is pumped into the spraying system.  

At some sites, the entire mixing process is largely automated, and the paint is fed directly from the 
packaging drums into the spray system via closed lines. Very little interaction by the operator is 
required at these sites. 

Paint residues and empty chemical containers are collected in a special waste container and disposed 
of externally. Contaminated equipment is collected in a container for hazardous waste. When cleaning 
of equipment after decanting/mixing is required, the wash solutions (water or solvent) are disposed 
of externally by a licensed contractor.  

Note that if the mixing area is not equipped with an LEV, the worker wears RPE. 

Task 2: Primer application by manual spraying in a dedicated spray hangar 

A description of the setup of a dedicated spray hangar is given in section 9.2.3.3.1.  

In a dedicated spray hangar, large parts such as whole aircrafts (e.g., airplanes, helicopters, or limited 
areas thereof) are sprayed. Typically, new aircrafts are sprayed with primer at the end of the 
production process before the topcoat is applied. On newer models, primer application is often only 
required on limited areas of the aircraft. On older aircrafts that are being overhauled, the existing 
primer and paint layer is first removed (either chemically or by mechanical stripping, see section 9.2.3.8 
and sanding, see section 9.2.3.6) before new primer and topcoat are applied. This usually involves 
spraying larger areas of the aircraft with primer. 

Typically, long-term spraying is performed for spraying a whole aircraft in a dedicated spray hangar. 
Short-term spraying may be required for limited surfaces or smaller parts, depending on the area to 
be sprayed. During the spraying process, the workers are inside the dedicated spray hangar. For 
spraying they use a spray gun into which paint is fed via a pump system or a cup spray gun (for limited 
surfaces). When a pump system is used the primer solution is usually provided in one or several buckets 
or barrels positioned next to the spray gun station.  

In the following, spraying of a whole airplane is described. When spraying other aircrafts or limited 
areas thereof, the process is comparable, but usually less workers are spraying simultaneously, the 
spray duration is shorter, and the use of platforms or scaffolding may be unnecessary. 
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Before starting the spraying process, the workers typically test the pressure setting of their spray gun 
by spraying some paint into empty buckets provided. When the correct air pressure setting is achieved, 
the workers spread out around the aircraft and spray either from the floor (for the lower parts of an 
aircraft) or climb onto a scaffolding (which is built around the aircraft) or on platforms (which can move 
around the aircraft or the wings of an airplane). Per platform usually one to three sprayers are standing 
for spraying. The workers can spray the aircraft downwards (when working on top of the aircraft), 
horizontally and vertically. For spraying the lower part of the aircraft it may also be required that they 
spray overhead. When a whole aircraft is being sprayed, typically the workers spray simultaneously on 
different levels and move along the aircraft (e.g., starting at the front).  

At least when older aircrafts are being overhauled, primer spraying is typically performed in two layers 
(a wash primer and a protective primer layer; wash primer being out of the scope of this use). After 
spraying of the first layer, the workers climb down the scaffold/moving platforms, roughly clean the 
spray guns by pumping a solvent/water through the spray system and let the primer layer on the 
airplane dry (sometimes overnight) before they apply the second primer layer. At some sites the first 
and the second layer is applied within one shift by the same group of workers, while at other sites, the 
two layers may be sprayed by different groups of sprayers. When new aircrafts are being sprayed, 
usually only one layer of primer (protective primer) is applied to the aircraft.  

9.2.3.3.2.1 Inhalation exposure 

Measured inhalation exposure concentration 

For GB, only four personal monitoring data are available for spray operators performing manual 
spraying in a dedicated spray hangar. The four personal monitoring data are short-term (<2h) 
measurements, reported by one GB site. All measured values are >LOQ. No stationary data are 
available from GB sites. 

Due to the small amount of GB data, we report below also measurement data for sprayers from EEA 
sites operating under comparable conditions of use. 

From EEA sites, 186 personal monitoring data and 14 stationary data are included in the inhalation 
exposure assessment for this SEG. Of the 186 personal monitoring data, 13 are long-ǘŜǊƳ όҗнƘύ12, shift-
representative and 173 are short-term (<2h) measurements. The 14 stationary measurements can be 
divided in 12 long-term measurements and two short-term measurements. 

The personal monitoring data come from 13 sites in four countries in the EEA. About 4% of the data 
(eight values, all short-term measurements) are <LOQ and 96% (178 values, including 165 short-term 
measurements) are >LOQ.  

The 14 stationary data come from four sites in one EEA country. About 29% of the stationary 
measurements (four values, all long-term measurements) are <LOQ and 71% (ten values, including two 
short-term measurements) are >LOQ.  

Table 9-23 gives an overview of the available data for spray operators for manual spraying in a 
dedicated spray hangar. 

 
12 All long-ǘŜǊƳ ƳŜŀǎǳǊŜƳŜƴǘǎ όҗнƘύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǎƘƛŦǘ-representative measurements and used as such as 8h TWA 
exposure values; no recalculation has been performed. Measurements <2h were not used to calculate 8h TWA exposure 
values. 
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Table 9-23: Overview of available inhalation exposure measurements for WCS 2 ς Spray 

operators for manual spraying in a dedicated spray hangar at GB and EEA sites  

 Total >LOQ <LOQ 

Personal at GB sites 

- Long-ǘŜǊƳ όҗнƘύ 0 n.a.  n.a. 

- Short-term (<2h) 4 4 n.a. 

Personal at EEA sites 

- Long-ǘŜǊƳ όҗнƘύ 13 13 0 

- Short-term (<2h) 173 165 8 

Stationary at EEA sites 

- Long-ǘŜǊƳ όҗнƘύ 12 8 4 

- Short-term (<2h) 2 2 0 

 

The measurements were taken at workers performing tasks with primer products containing StC 
and/or PCO and/or PHD. During some measurements, the workers also may have had Cr(VI) exposure 
from primer products not covered under the present use (e.g., from spraying of wash primers). Note 
that the chromate used during the measurement could not always be clearly assigned. According to 
the information given in the monitoring reports, during some measurements, several chromates may 
have been used. In some reports, no information was given on the substance used. 

Further it has to be considered that we only assigned those measurement data to spraying in a 
dedicated spray hangar with an explicit description in the documented data, indicating that spraying 
was performed in hangar with a ventilation system. Else spraying data were assigned to the SEG ς 
ΨSpray operators for manual spraying in spray room/boothΩ section 9.2.3.2.  

Table 9-24 shows the summary statistics of workplace measurements for spray operators at GB and 
EEA sites. For values <LOQ, we considered half of the LOQ (LOQ/2) for statistical evaluation. All 
measurements are from the period 2020-2023. Annex IV of this report provides a summary on the 
analytical methods for inhalation exposure monitoring and information on their LOQs. The individual 
measurements can be provided upon request.  

Table 9-24: Summary statistics of inhalation exposure measurements for WCS 2 ς Spray 

operators for manual spraying in a dedicated spray hangar at GB and EEA sites 

Personal ς short-term at GB sites (measurement period 2020 - 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  4 100% 1014 n.a.  n.a. n.a. (MAX = 
1280) 

Personal ς long-term at EEA sites (measurement period 2020 - 2022) 
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 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 13 100 1.27 1.87 0.310  4.04 

Personal ς short-term at EEA sites (measurement period 2020 - 2023) 

 N % of 
total 

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 173 100 631 4204 145 832 

Specific evaluations:       

- Mixing of large volumes, 
exclusively  

4 2.35 3.25 n.a. n.a. n.a. (MAX = 
6.70)  

- Spraying in a dedicated spray 
hangar, exclusively  

49 28.8 1535 7831 240 1060 

- Spraying in a dedicated spray 
hangar, StC exclusively 

17 10.0 215 231 184 536 

- Spraying in a dedicated spray 
hangar, PHD exclusively 

32 18.8 2236 9668 320 1742 

Stationary ς long-term at EEA sites (measurement period 2020 - 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 12 100 3.37 8.86 0.0335 9.02 

Specific evaluations:       

- Mixing of larger volumes, 
exclusively c 

4 33.3 0.105 n.a. n.a. n.a. (MAX = 
0.160)   

- Spraying in a dedicated spray 
hangar, exclusively 

2 16.7 n.a. n.a. n.a. n.a. (MAX = 
30.0) a 

Stationary ς short-term at EEA sites (measurement year 2020) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 2 100 n.a. n.a. n.a. n.a. (MAX = 
59.9) b 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure.  

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

a The individual values are 10.0 and 30.0 µg/m3. 

b The individual values are 42.9 and 59.9 µg/m3. 

c One value is included covering both mixing of larger volumes of liquid primer (task 1) and decanting/mixing of liquid primer 
and filling of guns/cups/small containers (task 6). 
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Personal measurements ς long-term 

The 90th percentile over the long-term personal measurements from EEA sites is 4.04 µg/m3. All 13 
measurements cover spraying in a dedicated spray hangar and nine measurements (64.3%) 
additionally cover decanting/mixing of liquid primer and filling of guns/cups/small containers. For at 
least nine of the 13 measurements it is described that the workers also performed non-exposure tasks 
(e.g., chemical stripping, preparing the surface by cleaning the aircraft, assessing and masking of the 
aircraft, applying different Cr(VI)-free paint-products).  

Overall, approximately 70% of the long-term personal measurements cover beside the two main tasks 
also secondary tasks with primer application by brushing/rolling (task 5), and cleaning of spray gun(s) 
and equipment (task 3). 

No additional evaluation for the single Cr(VI) substances StC, PCO, or PHD was performed, due to 
limited availability of data.  

Use of RPE was reported for all measurements covering spraying tasks and for most measurements 
covering task 1. 

Personal measurements ς short term 

The 173 personal short-term measurements from EEA sites were taken while the workers performed 
the main tasks of spray operators for manual spraying in a dedicated spray hangar. Note that in several 
cases the worker carried out more than one task during the measurement. The number of 
measurements presented below cover the individual main tasks.  

¶ Mixing of large volumes of liquid primer (task 1): four exclusively (five in total, with one also 
including other tasks) 

¶ Primer application by manual spraying in a dedicated hangar (task 2): 49 exclusively (166 in 
total including other tasks as well) 

The 90th percentile of all short-term measurements is 832 µg/m3. Out of the 173 measurements, 49 
(28%) cover spraying in a dedicated hangar (task 2) exclusively. The 90th percentile of these 
measurements is 1060 µg/m3, indicating that the 90th percentile of the total short-term data is 
dominated by data from spraying tasks. The main task mixing of larger volumes (task 1) is performed 
exclusively during four measurements (2.35%; note that during one measurement decanting/mixing 
of liquid primer and filling of guns/cups/small containers was also performed), for which the AM is 
3.25 µg/m3, suggesting a low exposure from this task. 

There is a total of 17 measurements (from three sites) during which the only exposure task was 
spraying in a dedicated spray hangar using exclusively StC. For these measurements the AM is 215 
µg/m3 and the 90th percentile is 536 µg/m3. This 90th percentile is by factor two lower than the 90th 
percentile for the 49 data covering exclusively spraying in a dedicated spray hangar (1060 µg/m3) with 
any of the three chromates or combinations thereof.  

For spraying of PHD primer only, 32 values are available (from four sites). These data cover the use of 
wash primers (not covered under this use) and protective primers. During nine measurements both 
types were used. The AM of these measurements is 2236 µg/m3and the 90th percentile is 1742 µg/m3, 
which is by factor 1.64 higher than the 90th percentile (1060 µg/m3) of the total short-term values for 
exclusive spraying in a dedicated spray hangar. However, the data show a high variability (SD = 9668 
µg/m3). This variability comes from site-specific differences in the measured values. At two sites all 
measured values (N = 13) are in the range 0.455 - 432 µg/m3. At the third site (N = 12) five values are 
> 500 µg/m3 (range 1.87 - 1020) and at the fourth site (N = 7) six values are > 500 µg/m3 (range 337 ς 
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55 100 µg/m3). For the fourth site, it is described in the monitoring report for the seven measurements 
that all operators spray at the same time, so there is a large cloud of mist around the aircraft. The six 
measurements of exposure >500 µg/m3 were taken on sprayers working at the first floor of a scaffold 
(i.e., in the lower area of the aircraft), while the measurement < 500 µg/m3 (i.e., 337 µg/m3) was taken 
for a worker spraying at the second floor of the scaffold (i.e., on a higher level). The data suggest that 
spraying in the lower areas is associated with higher exposure, which seems logical when all workers 
are spraying at the same time and the workers at the lower levels are additionally exposed to the mist 
from above workers (although the workers are staggered longitudinally along the aircraft). In 
consequence to the monitoring results, the site has developed a detailed action plan to reduce the 
exposure of the workers. The plan includes installing an extractor to reduce the concentration of paint 
which has difficulty to escape below the aircraft (in addition to the top to wall extraction installed in 
the dedicated spray hangar). Moreover, only one person shall spray below the aircraft to prevent 
simultaneous exposure, and a second person will take over after a while. These two people will leave 
the hangar as soon as they have finished this zone. On the scaffolds, there should be a larger distance 
between the sprayers on each level (the next level will not start until five minutes after the first level).  

Because of these site-specific differences in exposure levels, no statement can be made about the 
comparability of exposure levels between the use of StC and PHD primers. However, excluding sites 
three and four that use PHD, the exposure levels using PHD (0.455 - 432 µg/m3, 90th percentile 378 
µg/m3) are within the 90th percentile of the exposure from StC (584 µg/m3), suggesting comparable 
exposure.  

The four personal short-term measurements from GB were taken at one GB site, while the workers 
performed the main tasks of spray operators (e.g., decanting/mixing of liquid primer and filling of 
guns/cups/small containers (task 1)). The AM of the four short-term measurements is 1014 µg/m3, 
with values ranging from 735.63 µg/m3 to 1280 µg/m3. The operators used 3M-Versaflo M100 head-
top RPE devices. The concerned site explained that the high values were associated with overspray 
activities resulting from spraying activities of multiple sprayers working simultaneously and impacting 
the breathing zone of each other. Additionally, according to the site, bounce-back effects of some 
aircraft parts are unavoidable due to the configuration of the parts. The site confirmed   that the 
spraying methodology is currently re-assessed to reduce the bounce back effects.  

Although limited information is available from GB, the measured values are similar to the EEA data.  

No data for spraying of PCO are included in the available dataset, suggesting that spraying of primer 
containing PCO is rarely performed in a dedicated spray hangar. 

Use of RPE was reported for all measurements covering spraying in a dedicated spray hangar and for 
most measurements covering task 1. 

Stationary measurements ς long-term 

For the total of 12 long-term stationary measurements from EEA sites the 90th percentile is 9.02 µg/m3. 
Thereof two values (16.7%) cover spraying in a spray hanger exclusively (<60 and <20 µg/m3). These 
two values are from the same site. Apparently, the LOQ of the analytical method used to determine 
the Cr(VI) concentration in the sample was very high, whereby these values (considering LOQ/2 = 30 
and 10 µg/m3) strongly impact the 90th percentile of long-term data. 

In total, half of the data (six values, 50%) cover next to the spraying task (task 2), also secondary tasks 
(e.g., cleaning of spray gun(s) and equipment (task 3), primer application by brushing/rolling (task 5)). 
Four measurements were taken while the worker exclusively performed mixing of large volumes (task 
1; MAX = 0.160). The 90th percentile of long-term stationary data is by approximately factor 2 higher 
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than the 90th percentile of personal long-term data (4.04 µg/m3). This difference is due to the impact 
of the two values that were below the very high LOQs.  

Stationary measurements ς short-term 

There are only two stationary short-term measurements available (42.9 and 59.9 µg/m3), both from 
EEA sites. They cover spraying in a dedicated spray hangar and other secondary tasks (e.g., cleaning of 
spray gun(s) and equipment (task 3), primer application by brushing/rolling (task 5) and 
decanting/mixing of liquid primer and filling of guns/cups/small containers (task 6)). 

 

For exposure assessment of spray operators for manual spraying in a dedicated spray hangar, we will 
deviate here from our common approach of using the 90th percentile of personal long-term exposure 
values as the basis for the risk characterisation. As described above, a considerably higher number of 
short-term values (173 values from EEA sites plus four values from GB sites) than long-term values (N 
= 13) is available for these workers. This can be explained by the fact that spraying in a dedicated spray 
hangar is usually carried out for short durations (at maximum 240 minutes per shift, (see Table 9-22). 
This is also evident from the descriptions accompanying the long-term measurements, during all of 
which not only hangar spraying of primers but also Cr(VI)-free activities (e.g., masking of the aircraft 
or spraying of Cr(VI)-free paints) were performed. According to the previous authorization 
applications, spraying in a dedicated spray hangar was performed for less than 240 min per shift, once 
per day (0046-02, StC and 0047-02, PHD). 

For a conservative exposure assessment, we therefore calculate the long-term exposure from the 90th 
percentile of the total short-term data from EEA and GB sites combined (890 µg/m3, as shown in Table 
9-25): 

¶ For workers performing short-term spraying by assuming 30 min exposure time and 450 min 
exposure-free time. This results in an 8h TWA of 55.6 µg/m3 (890 µg/m3 x (30 min/480 min) = 
55.6 µg/m3).  

¶ For workers performing long-term spraying by assuming 240 min exposure time and 240 min 
exposure-free time. This results in an 8h TWA of 445 µg/m3 (890 µg/m3 x (240 min/480 min) = 
445µg/m3).  

Table 9-25: Summary statistics of personal short-term inhalation exposure measurements for 

WCS 2 ς Spray operators for manual spraying in a dedicated spray hangar at GB 

and EEA sites 

Personal ς short-term at GB sites and EEA sites in total (measurement period 2020 - 2023) 

 N AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  177 640 4156 157 890 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure.  

The calculated 8h TWA values are higher than the 90th percentile of the long-term values (of EEA data) 
by a factor of approximately ten in case of short-term spraying and by a factor of approximately 100 
for spraying up to 240 min, suggesting that long-term exposure is estimated in the present approach 
in a very conservative way.  
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According to the approach described above, risk characterisation is based on the 8h TWA calculated 
from the 90th percentile of the complete set of short-term personal measurements. Table 9-26 shows 
the resulting long-term inhalation exposure concentrations for spray operators for manual spraying in 
a dedicated spray hangar used for risk assessment, distinguishing between long-term and short-term 
spraying.  

RPE is worn for spraying and for mixing, at least if mixing is not performed under LEV. Therefore, use 
of RPE is considered in the exposure assessment. Since the 90th percentile of short-term measurements 
is dominated by spray applications, for which RPE is always worn, we consider it appropriate to account 
for its use. Accordingly, an APF of 20 is applied to the exposure value for short-term spraying and an 
APF of 250 is applied to the exposure value for long-term spraying. 

At most sites the workers do not spend their whole working time on Cr(VI) tasks related to manual 
spraying in a dedicated spray hangar (e.g., they also spray Cr(VI)-free products or perform masking). 
Typically, the workers perform such tasks only one day per week. However, in order to take into 
account that also secondary tasks are performed during their working time (e.g., sanding of large 
surfaces containing Cr(VI) in a dedicated hangar, task 8), the assessment assumes that spray operators 
spend 40% of their time on tasks related to spraying in a dedicated spray hangar (spraying in a 
dedicated spray hangar is performed up to once per week and in addition secondary tasks are 
performed up to once per week, considering for these tasks the same exposure level as for spraying in 
a dedicated spray hangar, which is a conservative assumption). Accordingly, a correction is made in 
the assessment for the working time spent on tasks related to this use (time correction factor for Cr(VI) 
tasks = 0.400). 

As stated above, some measurements cover (partial) exposure from uses not related to the present 
use, but it is not possible to differentiate the measurement data according to uses. However, we 
consider that workers have partial exposure from use of bonding and/or wash primers containing StC, 
PCO and/or PHD, since they spend part of their working time on using such primer types. Therefore, 
we apply an additional factor to the 90th percentile to account for that. This factor is based on the 
market shares of the primer types covered under the different uses and has been estimated for this 
WCS at 0.880 for the present use (as described in section 9.1.2.6.2). 

Table 9-26: Measured inhalation exposure concentration for WCS 2 ς Spray operators for 

manual spraying in a dedicated spray hangar 

Type of 
measure-
ment 

Number of 
measure-
ments 

Exposure 
value a 
[µg/m3]  

Assigned 
protection 
factor (APF) 
for RPE b 

Exposure 
value 
corrected 
for RPE 
[µg/m3] 

Time 
correction 
factor for 
Cr(VI) tasks c 

Market 
share 
correction 
factor d 

Long-
term 
exposur
e e 

[µg/m3]  

Personal ς 
short-term 
spraying 

177 55.6 20 2.78 0.400 0.880 0.979 

Personal ς 
long-term 
spraying 

177 445 250 1.78 0.400 0.880 0.627 

All exposure values rounded to three significant figures for presentation, but unrounded values were used for calculation of 
exposure. 

a Calculated value, which is based on 90th percentile of short-term measurements. 
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b RPE is used, see above. 

c Since the workers spend 40% of their working time on Cr(VI) tasks a time correction factor of 0.400 is used (the task is 
performed up to once per week).  

d The share of primer types covered under the present use is 0.880 compared to all primer types on the market relevant for 
ADCR. 

e The factors for time correction and market share were applied (see text above). 

9.2.3.3.2.2 Risk characterisation 

Risk for carcinogenicity 

Table 9-27 shows the risk characterisation for carcinogenicity for spray operators for manual spraying 
in a dedicated spray hangar. The risk for carcinogenicity is based on measured Cr(VI) inhalation 
exposure data for these workers and the RAC dose-response relationship for the excess lifetime cancer 
risk for lung cancer (ECHA, 2013a). 

Table 9-27: Risk characterisation for carcinogenicity for WCS 2 ς Spray operators for manual 

spraying in a dedicated spray hangar 

Route of exposure and 
type of effects 

Long-term exposure 
[µg/m3] a 

Risk characterisation: 
Excess lifetime lung 
cancer risk b [1/µg/m 3]  

Excess lifetime cancer 
risk (ELCR) c 

Inhalation: Systemic 
Long Term (for workers 
performing short-term 
spraying) 

0.979 4.00E-03 3.92E-03 

Inhalation: Systemic 
Long Term (for workers 
performing long-term 
spraying) 

0.627 4.00E-03 2.51E-03 

All values rounded to three significant figures for presentation, but unrounded values used for calculation of exposure. 

a Calculated value, which is based on 90th percentile of short-term measurements. 

b RAC dose-response relationship based on excess lifetime lung cancer risk (ECHA, 2013a): Exposure to 1 µg/m3 Cr(VI) relates 
to an excess risk of 4x10-3 for workers, based on 40 years of exposure; 8h/day; 5 days/week. 

c Excess lifetime lung cancer risk. 

Conclusion on risk characterisation  

Carcinogenicity 

The excess life-time cancer risk for spray operators for manual spraying in a dedicated spray hangar 
performing short-term spraying is 3.92E-03. 

The excess life-time cancer risk for spray operators for manual spraying in a dedicated spray hangar 
performing long-term spraying is 2.51E-03. 

This risk estimate can be considered as conservative, because: 

- it is based on a conservative exposure-risk relationship (ERR), 
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- it uses the 90th percentile of the short-term measurements to calculate an 8h TWA for long-
term exposure) 

On average, we assume in GB that eight sprayers are engaged per day per site in short-term spraying 
(at 20% of sites) and that 18 sprayers are engaged per day per site in long-term spraying (at 20% of 
sites). For sites where the work is distributed among a higher number of workers, a higher number of 
people would have to be considered, but their long-term average individual exposure concentration 
would be lower. 

9.2.3.3.2.3 Biomonitoring 

A detailed description of how the biomonitoring data was compiled and additional information on the 
available database is provided in Annex V of this CSR. 

For this WCS biomonitoring data are available from two sites in GB, sampled in the years 2020-2022. 
The data cover the main tasks of spray operators for manual spraying in a dedicated spray hangar and 
most of the measurements additionally cover main tasks performed by: 

¶ Spray operators for manual spraying in spray room/booth 

Biomonitoring data were reported by companies either as individual values or as results for groups of 
workers and are reported here accordingly (see Annex V). The following table shows the summary 
statistics for the individual values and an overview of the available group entries.  

Table 9-28: Biomonitoring data for WCS 2 ς Spray operators for manual spraying in a 

dedicated spray hangar 

Individual values 

N 23 

AM [µmol Cr/mol creatinine] 1.28 

Median [µmol Cr/mol creatinine] 1.00 

90th Perc. [µmol Cr/mol creatinine] 0.24 

Number of datasets with individual values > 10.0 µmol 
Cr/mol creatinine 

0 

Group entries 

N 53 

Number of data sets 3 

Number of datasets with individual values > 10.0 µmol 
Cr/mol creatinine 

0 

All exposure values rounded to three significant figures for presentation. 

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

 

In total, 23 individual values are available, with an AM of 1.28 µmol Cr/mol creatinine and a 90th 
percentile of 1.00 µmol Cr/mol creatinine. No value exceeds 10.0 µmol Cr/mol creatinine (UK BMGV).  
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Another 53 values from three data sets are available as group entries: 476 values from nine data sets 
for this WCS. No value exceeds 10.0 µmol Cr/mol creatinine (UK BMGV).  

Overall, the reported biomonitoring data confirm that the body burden of spray operators for manual 
spraying in a dedicated spray hangar did not exceed the UK BMGV in a single case.  

The biomonitoring data are not considered quantitatively for the present exposure and risk assessment 
due to the reasons described in section 9.1.2.6.2. 

9.2.3.4 Worker contributing scenario 3 ς Operators performing brushing/rolling 

Brushing/rolling operators are workers who perform brushing/rolling as their main exposure task. At 
many sites, brushing/rolling is a secondary task e.g., for spray operators or sanders in a dedicated 
hangar (for details see sections 9.2.3.2, 9.2.3.3 and 9.2.3.6). However, the main exposure tasks for 
these SEGs are spraying activities or sanding in a dedicated hangar. Accordingly, these workers are not 
covered by the present SEG. 

Typical tasks with possible Cr(VI) exposure performed by these operators are:  

Main tasks 

¶ Task 1: Primer application by brushing/rolling (PROC 10) 

Secondary tasks 

¶ Task 2: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, 
PROC 9) 

¶ Task 3: Handling of solid and/or liquid waste (PROC 8b)  

¶ Task 4: Machining on surfaces in large work areas (e.g., workshop, hall, room), including 
cleaning (PROC 21, 24)  

¶ Task 5: Machining on parts in large work areas (e.g., workshop, hall, room), including cleaning 
(PROC 21, 24) 

¶ Task 6: Cleaning of spray gun(s) and equipment (PROC 28) 
 

As tasks 2 to 6 are main tasks performed by other SEGs, they are described in detail in the respective 
ǿƻǊƪŜǊ ŎƻƴǘǊƛōǳǘƛƴƎ ǎŎŜƴŀǊƛƻǎ Ψ{ǇǊŀȅŜǊǎ ŦƻǊ Ƴŀƴǳŀƭ ǎǇǊŀȅƛƴƎ ƛƴ spray room/boothΩ όǘŀǎƪ 2 and 6; see 
section 9.2.3.2ύΣ ΨaŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ŎƭŜŀƴƛƴƎ ǿƻǊƪŜǊǎ ŦƻǊ ǎǇǊŀȅ ŀǊŜŀόǎύΩ όǘŀǎƪ 3; see section 9.2.3.9) and 
ΨaŀŎƘƛƴƛǎǘǎΩ όǘŀǎƪǎ 4 and 5; see section 9.2.3.5).  

In the following sections, the conditions of use for each task with potential direct Cr(VI) exposure are 
specified and the individual activities are described in more detail. 

9.2.3.4.1 Conditions of use 

Table 9-29 summarises the conditions of use for the tasks with direct Cr(VI) exposure carried out by 
operator performing brushing/rolling. 

Table 9-29: Conditions of use ς Worker contributing scenario 3 ς Operators performing 

brushing/rolling 

Product (article) characteristics 

1: Primer products containing StC (water-based or solvent-based) 
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Maximum concentration of StC [%] (w/w): 50 

Concentration of Cr(VI) from StC [%] (w/w): 13 

2: Primer products containing PCO (water-based or solvent-based) 

Maximum concentration of PCO [%] (w/w): 10 

Concentration of Cr(VI) from PCO [%] (w/w): 1 

3: Primer products containing PHD (water-based or solvent-based) 

Maximum concentration of PHD [%] (w/w): 24 

Concentration of Cr(VI) from PHD [%] (w/w): 6 

4: Primer products containing StC , PHD, PCO (water-based or solvent-based) 

Maximum total concentration of Cr(VI) from 
StC/PCO/PHD [%] (w/w): 

13 

Maximum Cr(VI) concentration in products 
(considers all above listed products) [%] 
(w/w): 

13 

Amount and concentration used (or contained in articles), frequency and duration of 
use/exposure 

Task 1: Primer application by brushing/rolling (PROC 10) 

Maximum Cr(VI) concentration handled [%] 
(w/w): 

13 

Amount of product [L/shift]: 0.05 - 10 

Duration of task [min/shift]: <5 - 480 

Frequency of task [days/year]: <1 - 240 

Technical and organisational conditions and measures 

Task 1: Primer application by brushing/rolling (PROC 10) 

LEV: No 

Type of LEV: - 

Type of general ventilation in working hall: Natural ventilation  

Air changes per hour (ACH) of general 
ventilation: 

- 

Other RMMs in place: No 

Conditions and measures related to personal protection, hygiene, and health evaluation 

Gloves   

Chemical resistant gloves according to EN 374 as per relevant risk assessment must be worn during 
all tasks. 

Eye protection   
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Eye protection as per relevant risk assessment must be worn during all tasks. 
If an air-fed hood, helmet, or full-mask is worn during spray application, no further eye protection 
is needed.  
Type of eye protection to be used for specific tasks is laid down in work instructions for the tasks. 

Task 1: Primer application by brushing/rolling (PROC 10) 

RPE: No 

Protection clothes: Yes, chemical protective clothing * 

hǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀŦŦŜŎǘƛƴƎ ǿƻǊƪŜǊǎΩ ŜȄǇƻǎǳǊŜ 

Task 1: Primer application by brushing/rolling (PROC 10) 

Place of use:  Indoors 

Temperature:  Room temperature 

Additional good practice advice. Obligations according to Article 37(4) of REACH do not apply 

None   

* Except where use of small volumes makes skin contact unlikely. 

9.2.3.4.2 Exposure and risks for workers 

Between individual sites, the number of operators performing brushing/rolling is variable, depending 
on several factors such as the site size, its role in the supply chain (e.g., MRO companies perform more 
brushing/rolling activities than OEMs), the distribution and throughput of work. The number of work 
shifts also differs between sites, ranging typically from one to three shifts per day. The shift duration 
is usually 8h but may also be between 7 and 12h, depending on the organisation of the site and national 
laws. 

In GB, tThe number of operators performing brushing/rolling ranges between one and 52 workers per 
shift. Based on the arithmetic mean calculated from information received from DUs, in the following 
we assume that on average, 18 brushing/rolling operators (18 per shift, one shift) are engaged in this 
scenario per site per day.  

Below we describe in detail the main task άtǊƛƳŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ōȅ ōǊǳǎƘƛƴƎκrollingέ. The use conditions 
specified in Table 9-29 apply to this task. 

Task 1: Primer application by brushing/rolling 

This task covers application of liquid primer products by brushing/rolling. Usually, the brushing/rolling 
solution is prepared by spray operators for manual spraying as described in detail in section 9.2.3.2.2 
(task: decanting/mixing of liquid primer and filling of guns/cups/small containers) but at some sites it 
may also be prepared by the operators performing brushing/rolling. In addition, also ready-to-use 
touch-up kits are available, where separately packaged small volumes of primer and activator only 
need to be combined. The mixing of these ready-to-use kits is usually performed by the 
brushing/rolling operators themselves. 

The application of liquid primer products by brushing/rolling is performed with various tools (e.g., art 
brush, bended brush, cotton bud, touch-up pen, sponge, roll, etc). Usually, very small surfaces are 
treated by brushing using e.g., art brush, or cotton bud. Small to middle sized surfaces are typically 
treated by rolling. 
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The brushing/rolling process can be performed in various working areas e.g., in a dedicated spray 
hangar, spray room, composition workshop, assembly line, or MRO workshop. The working area may 
depend on the size of the surface area for which brushing/rolling is necessary and on the size of the 
part to be worked on. Brushing/rolling can be performed in the course of various working processes, 
e.g., after machining or repair work, where small surfaces require recoating, where surface treatment 
by brushing is advantageous compared to spraying, for touching up transport damage or if attachment 
points in the fixtures have remained uncoated during spraying.  

When primer is applied by brushing/rolling to a small surface area, the operator dips the 
brushing/rolling tool into the liquid primer paint, braces the excess paint from the brushing/ rolling tool 
and applies the paint to the areas to be (re-)painted.  

Brushing/rolling of larger surface areas may also be performed by rolling if spraying is not the preferred 
approach (e.g., when an air intake shaft (appr. 50 cm in diameter) of an aircraft is treated because 
exposure is too high due to poor ventilation outside the spray room/hangar in the confined space). 
When painting is performed by rolling, the roller tool is dipped into the vessel, containing the primer 
followed by rolling over the surface area to be treated. 

Primer application by rolling is applied less frequently at the sites than primer application on very small 
surfaces with e.g., a brush.  

After the brushing/rolling activity is finished, used vessels and brushing/rolling equipment (e.g., cups, 
brushes, etc.) are either discarded as solid hazardous waste or cleaned with water or solvent (see 
description for task cleaning of spray gun(s) and equipment (PROC 28), as described in section 9.2.3.2). 

9.2.3.4.2.1 Inhalation exposure 

Measured inhalation exposure concentration 

For operators performing brushing/rolling 13 personal monitoring data and five stationary data from 
GB sites are available for the inhalation exposure assessment. The 13 personal monitoring data can be 
divided into five long-term όҗнƘύ13, shift-representative and eight short-term (<2h) measurements. Of 
the five stationary measurements, four are long-term measurements and one is a short-term 
measurement.  

In total five GB sites reported personal monitoring data and three GB sites provided stationary 
monitoring data.  

About 92% of the personal monitoring data (12 values, four long-term and all short-term 
measurements) are <LOQ and 8% (one long-term measurement) are >LOQ. About 60% of the 
stationary monitoring data (two long-term and one short-term measurements) are <LOQ and 40% (two 
long-term measurements) are >LOQ.  

Due to the small amount of GB data, we report below also measurement data for operators performing 
brushing/rolling from EEA sites operating under comparable conditions of use. 

 
13 All long-ǘŜǊƳ ƳŜŀǎǳǊŜƳŜƴǘǎ όҗнƘύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǎƘƛŦǘ-representative measurements and used as such as 8h TWA 
exposure values; no recalculation has been performed. Measurements <2h were not used to calculate 8h TWA exposure 
values. 
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From EEA sites, 217 personal monitoring data and 31 stationary data are available for the inhalation 
exposure assessment for this SEG. Of these 217 personal monitoring data, 85 are long-ǘŜǊƳ όҗнƘύ14, 
shift-representative and 132 are short-term (<2h) measurements. The 31 stationary measurements 
can be divided into 21 long-term and ten short-term measurements.  

The personal monitoring data are from 61 sites in 12 countries in the EEA (considering also data 
provided via Art. 66 notification for which either an indication of the country and the site was given 
(42 measurements) or no information on the country or site was given (three measurements)). About 
49% of the data (107 values, including 80 short-term values) are <LOQ and 51% (110 values, including 
52 short-term values) are >LOQ.  

The stationary data are from 13 sites in five countries in the EEA (including data submitted via Art. 66 
notification, for which the country and in three cases the site were given (five measurements). About 
84% of the stationary measurements (26 values, including eight short-term values) are <LOQ and 16% 
(five values, including two short-term values) are >LOQ.  

Table 9-30 gives an overview of the data included in the assessment for operators performing 
brushing/rolling. 

Table 9-30: Overview of available inhalation exposure measurements for WCS 3 ς Operators 

performing brushing/rolling at GB and EEA sites 

 Total >LOQ <LOQ 

Personal at GB sites 

- Long-ǘŜǊƳ όҗнƘύ 5 1 4 

- Short-term (<2h) 8 0 8 

Personal at EEA sites 

- Long-ǘŜǊƳ όҗнƘύ 85 58 27 

- Short-term (<2h) 132 52 80 

Stationary at GB sites 

- Long-ǘŜǊƳ όҗнƘύ 4 2 2 

- Short-term (<2h) 1 0 1 

Stationary at EEA sites 

- Long-ǘŜǊƳ όҗнƘύ 21 3 18 

- Short-term (<2h) 10 2 8 

 

The measurements were taken at workers performing the main task with primer products containing 
StC and/or PCO and/or PHD. During some measurements, the workers also may have had Cr(VI) 
exposure from primer products not covered under the present use (e.g., brush application with wash 
primers) or from uses of other chromates (e.g., when performing chemical conversion coating on small 

 
14 All long-ǘŜǊƳ ƳŜŀǎǳǊŜƳŜƴǘǎ όҗнƘύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǎƘƛŦǘ-representative measurements and used as such as 8h TWA 
exposure values; no recalculation has been performed. Measurements <2h were not used to calculate 8h TWA exposure 
values. 
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surfaces with dichromium (tris)chromate using a touch-up pen). Note that the chromate used during 
the measurement could not always be clearly assigned. According to the information given in the 
monitoring reports, during some measurements several chromates may have been used. In some 
reports, no information was given on the substance used. 

Table 9-31 shows the summary statistics of workplace measurements for operators performing 
brushing/rolling. For values <LOQ, we considered half of the LOQ (LOQ/2) for statistical evaluation. All 
measurements are from the period 2017-2023. Further, specific evaluations analyse the role of 
individual tasks or differences between individual substances. Annex IV of this report provides a 
summary on the analytical methods for inhalation exposure monitoring and information on their LOQs. 
The individual measurements can be provided upon request. 

Table 9-31: Summary statistics of inhalation exposure measurements for WCS 3 ς Operators 

performing brushing/rolling at GB and EEA sites 

Personal ς long-term at GB sites (measurement period 2019 and 2021 - 2022) 

 N % of 
total 

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  5 100 0.0420 n.a. n.a. n.a. (MAX = 
0.130)  

Specific evaluations:       

- brushing/rolling application 
exclusively  

4 80.0 0.0400 n.a. n.a. n.a. (MAX = 
0.130)  

Personal ς short-term at GB sites (measurement period 2019 - 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  8 100 0.0389 n.a. n.a. n.a. (MAX = 
0.135)  

Specific evaluations:       

- brushing/rolling application 
exclusively  

5 62.5 0.0563 n.a. n.a. n.a. (MAX = 
0.135)  

Stationary ς long-term at GB sites (measurement period 2019 and 2021) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  4 100 0.196 n.a. n.a. n.a. (MAX = 
0.400) 

Stationary ς short-term at GB sites (measurement period 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  1 100 n.a. n.a. n.a. n.a. a 

Personal ς long-term at EEA sites (measurement period 2018 - 2022) 
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 N % of 
total 

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 85 100 0.250 0.490 0.0850 0.620 

Specific evaluations:       

- brushing/rolling application 
exclusively 

63 74.1 0.199 0.438 0.0700 0.316 

- brushing/rolling application, StC 
exclusively 

51 60.0 0.219 0.484 0.0700 0.400 

- brushing/rolling application, PCO 
exclusively  

5 5.88 0.0975 n.a. n.a. n.a. (MAX = 
0.150) 

Personal ς short-term at EEA sites (measurement period 2017 - 2023) 

 N % of 
total 

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 132 100 0.503 1.38 0.102 0.816 

Specific evaluations:       

- brushing/rolling exclusively 78 59.1 0.546 1.38 0.130 1.12 

- brushing/rolling, StC exclusively 60 45.5 0.587 1.57 0.0905 1.15 

- brushing/rolling,  

PCO exclusively  

4 3.03 0.550 n.a. n.a. n.a. (MAX = 
1.60) 

- brushing/rolling,  

PHD exclusively  

4 3.03 0.430 n.a. n.a. n.a. (MAX = 
0.497) 

Stationary ς long-term at EEA sites (measurement period 2017, 2019 - 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 21 100 0.120 0.168 0.0500 0.500 

Stationary ς short-term at EEA sites (measurement period 2017, 2019 - 2022) 

 N % of 
total  

AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total 10 100 0.158 0.162 0.100 0.360 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure.  

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

a The individual value is 0.0100 µg/m³ (<LOQ and reflects ½ LOQ). 

Personal measurements ς long-term 

At GB sites, for operators performing brushing/rolling, the AM for the five long-term personal 
measurements is 0.0420 µg/m³. Due to the small database calculation of the 90th percentile is not 
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reasonable. The main task of brushing/rolling primers containing StC, PCO or PHD is covered by all five 
measurements. In addition to the main task, the secondary task of decanting/mixing liquid primer and 
filling guns/cups/small containers (task 2) was also performed by operators while one measurement 
(20.0%) were taken. Four measurements are available during which the operator exclusively 
performed brushing/rolling activities. The AM of these values is 0.0400 µg/m³, which is comparable to 
the AM of the total long-term measurements (0.0420 µg/m³) at GB sites.  

At EEA sites, the AM over the total long-term personal measurements for operators performing 
brushing/rolling is 0.250 µg/m³ and the 90th percentile is 0.620 µg/m3. All 85 measurements cover the 
main task brushing/rolling application of primers containing StC, PCO or PHD. Twenty-two (25.9%) of 
the 85 long-term measurements also cover secondary tasks of these workers, e.g., decanting/mixing 
of liquid primer and filling of guns/cups/small containers (task 2), handling of solid and/or liquid waste 
(task 3), machining on parts in large work areas (task 4), cleaning of spray gun(s) and equipment (e.g., 
brush, task 6). Six of these values also cover activities with indirect Cr(VI) exposure (e.g., transportation 
of parts to oven or drying/self-/heat-curing). The AM of long-term values from EEA sites is by a factor 
of 6.0 higher than the AM of total long-term values from GB sites (0.0420 µg/m3).  

Of the 85 long-term measurements from the current assessment at EEA sites, only 28 values are clearly 
assignable to very small parts/touch-ups and seven values to small and medium sized parts/touch-ups. 
For the 28 values the AM is 0.298 µg/m³ and the 90th percentile is 0.593 µg/m³. For the small and 
medium sized parts/touch-ups, the AM is 0.0532 µg/m³, but this value is based on six measurements 
only and thus no comparison can be made for differences in exposure from brushing/rolling parts of 
different sizes. 

Sixty-three long-term measurements are available while the operator exclusively performed 
brushing/rolling activities at EEA sites. For these measurements, the AM is 0.199 µg/m³ and the 90th 
percentile is 0.316 µg/m³. In comparison to the total long-term measurements at EEA sites 
(0.620 µg/m³), the 90th percentile of performing brushing/rolling exclusively is approximately by factor 
two lower, indicating that the additional tasks performed during the 22 other measurements lead to 
higher exposure than brushing/rolling exclusively. The AM for brushing/rolling exclusively at EEA sites 
(0.199 µg/m³) is comparable to the AM for brushing/rolling exclusively at GB sites (0.132 µg/m³). 

Of the total long-term measurements from EEA sites, 51 values (60.0%) cover only the main task primer 
application by brushing/rolling performed exclusively with StC. For these measurements, the AM is 
0.219 µg/m³ and the 90th percentile is 0.484 µg/m³, which is comparable to the 90th percentile of the 
long-term measurements for brushing/rolling applications exclusively (0.316 µg/m³) with any 
chromate at EEA sites. For brushing/rolling application with PCO only, five long-term values are 
available with an AM of 0.0975 µg/m³. For PHD exclusively, no values are available. 

Depending on the site, its organisation and which parts or aircrafts are treated by brushing/rolling 
activities and based on their internal assessments, the operators wear RPE or not.  

Personal measurements ς short-term 

There is a total of eight personal short-term measurements available from GB sites while the operator 
was performing brushing/rolling applications of primers containing StC, PCO or PHD. The AM is 0.0389 
µg/m³, but all measurements were below the LOQ (1/2 LOQ was considered) During three 
measurements (37.5%), the operator performed the secondary task handling of solid and/or liquid 
waste (task 3) in addition to the main task brushing/application of primers. Five of the short-term 
measurements (62.5%) cover the main task brushing/rolling of primers exclusively, with an AM of 
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0.0563 µg/m³, which is comparable to the AM of the total short-term measurements (0.0389 µg/m³) 
at GB sites. 

At EEA sites, 132 personal short-term measurements were taken while the workers performed the 
main task primer application by brushing/rolling. During several measurements the workers 
performed also secondary tasks. Note that in several cases the worker carried out more than one task 
during the measurement (so these data are counted more than once in the list). 

¶ Decanting/mixing of liquid primer and filling of guns/cups/small containers (task 2): 49 values  

¶ Cleaning of spray gun(s) and equipment: three values 

¶ Handling of solid and/or liquid waste (task 3): four values 

¶ Machining on surfaces on an extraction bench/room/booth, including cleaning: one value 

¶ Machining on surfaces in large work areas (e.g., workshop, hall, room), including cleaning: six 
values 

For the total personal short-term measurements at EEA sites, the AM is 0.503 µg/m³ and the 90th 
percentile is 0.816 µg/m³. In comparison the AM of total personal short-term measurements at EEA 
sites is approximately one order of magnitude higher than the AM of total personal short-term 
measurements at GB sites (0.0389 µg/m³). Plausible reasons for this difference are that all short-term 
measurements from GB sites are below the LOQ and come from only five sites, whereas the database 
from EEA sites is much larger and more heterogeneous. However, the small number of data from GB 
sites does not allow a meaningful analysis of differences in exposure. 

From the 132 short-term measurements at EEA sites, 55 values are clearly assignable to very small 
parts/touch-ups with an AM of 0.502 µg/m³ and a 90th percentile of 0.500 µg/m³. For small to medium 
parts/touch-ups 23 values are available with an AM 1.12 µg/m³ and a 90th percentile of 1.73 µg/m³. 

Out of the 132 short-term values from EEA sites, 78 measurements (59.1%) were monitored while the 
operator exclusively performed brushing/rolling activities. The 90th percentile for brushing/rolling 
exclusively is 1.12 µg/m³, which is comparable to the 90th percentile of the total short-term data (0.816 
µg/m³) at EEA sites.  

Of the total short-term measurements at EEA sites, 60 values (45.5%) cover brushing/rolling performed 
exclusively with StC. For these measurements, the AM is 0.587 µg/m³ and the 90th percentile is 
1.15 µg/m³, which is comparable to the 90th percentile of the short-term measurements for 
brushing/rolling applications exclusively (1.12 µg/m³) with any chromate at EEA sites. For 
brushing/rolling application with PCO and PHD only, four short-term values are available, respectively. 
The AM for PCO measurements is 0.550 and 0.430 µg/m³ for PHD measurements, which is comparable 
to the AM of short-term measurement exclusively performed with StC (0.587 µg/m³) at EEA sites. 

Stationary measurements ς long-term 

Only four stationary long-term measurements from GB sites are available. For these measurements 
the AM is 0.196 µg/m³, which is similar to the AM of total personal long-term measurements from GB 
sites (0.173 µg/m³).  

For the 21 total stationary long-term measurements at EEA sites, the AM is 0.120 µg/m³ and the 90th 
percentile is 0.500 µg/m³. Thereof, 20 measurements (80.0%) cover the main task exclusively. One 
measurement (4.76%) was taken while also secondary tasks were performed, e.g., decanting/mixing 
of liquid primer and filling of guns/cups/small containers (task 2), handling of solid and/or liquid waste 
(task 3), and cleaning of spray gun(s) and equipment (task 6). 
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The 90th percentile of the stationary long-term measurements is comparable to the 90th percentile of 
the total database for personal long-term measurements at EEA sites (0.620 µg/m³). The AM of the 
stationary long-term measurements from EEA sites is comparable to the AM of the stationary long-
term data from GB sites.  

Stationary measurements ς short-term 

From GB sites, only one short-term stationary measurement is available (0.0100 µg/m³). 

For EEA sites, ten stationary short-term measurements were sampled while operators performed 
primer application by brush or swab at EEA sites. The 90th percentile for these measurements is 0.360 
mg/m³. Eight of the ten values (80.0%) cover brushing/rolling activities only. In addition, two stationary 
short-term measurements cover also the secondary tasks, e.g., decanting/mixing of liquid primer and 
filling of guns/cups/small containers (task 2), handling of solid and/or liquid waste (task 3), and/or 
cleaning of spray gun(s) and equipment (task 6).  

 

Due to the small database from GB sites and the comparable exposure values between GB and EEA 
monitoring data, the complete set of long-term personal measurements during which the operator 
exclusively performed brushing/rolling activities from GB and EEA sites combined was used for the risk 
characterisation (90th percentile: 0.308 µg/m³, see table below). 

Table 9-32: Summary statistics of personal long-term inhalation exposure measurements for 

WCS 3 ς Operators performing brushing/rolling exclusively at GB and EEA sites 

Personal ς long-term at GB sites and EEA sites in total (measurement period 2020 - 2023) 

 N AM 
[µg/m3] 

SD 
[µg/m3] 

Median 
[µg/m3] 

90th Perc. 
[µg/m3] 

Total  67 0.189 0.427 0.0700 0.308 

All exposure values rounded to three significant figures for presentation, but unrounded values used for calculation of 
exposure.  

Table 9-33 shows the resulting long-term inhalation exposure concentration for operators performing 
exclusively brushing/rolling activities used for risk assessment, based on the 90th percentile of personal 
long-term sampling values from GB and EEA sites combined.  

RPE may be worn by the operators during specific brushing/rolling activities as its use was documented 
for some of the measurements. However, it is assumed that RPE is worn during certain time periods 
of the shift only. Therefore, no RPE is considered in the exposure assessment. 

At most sites, the operators who perform brushing/rolling do not spend their entire work shift on this 
Cr(VI) task (e.g., they also perform brushing/rolling with Cr(VI)-free products or perform masking 
during their work shift). However, for a conservative assessment, we consider that 100% of their 
working time is spent on this use. Accordingly, no correction is made in the assessment for the working 
time spent on tasks related to this use (time correction factor for Cr(VI) tasks = 1.00). 

As stated above, some measurements cover (partial) exposure from uses not related to the present 
use, but it is not possible to differentiate the measurement data according to uses. However, we 
consider that workers have partial exposure from use of bonding and/or wash primers containing StC, 
PCO and/or PHD, since they spend part of their working time on using such primer types. Therefore, 
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we apply an additional factor to the 90th percentile to account for that. This factor is based on the 
market shares of the primer types covered under the different uses and is 0.780 for the present use 
(as described in section 9.1.2.6.2). 

Table 9-33: Measured inhalation exposure concentration for WCS 3 ς Operators performing 

brushing/rolling  

Type of 
measure-
ment 

Number of 
measure-
ments 

Exposure 
value a 
[µg/m3]  

Assigned 
protection 
factor (APF) 
for RPE b 

Exposure 
value 
corrected 
for RPE 
[µg/m3] 

Time 
correction 
factor for 
Cr(VI) tasks c 

Market 
share 
correction 
factor d 

Long-term 
exposure 
e [µg/m3]  

Personal 67 0.308 1 0.308 1.00 0.780 0.240 

All exposure values rounded to three significant figures for presentation, but unrounded values were used for calculation of 
exposure. 

a Based on 90th percentile of measurements. 

b No RPE is used, see above. 

c No time correction factor is used in this assessment.  

d The share of primer types covered under the present use is 0.780 compared to all primer types on the market relevant for 
ADCR. 

e The factors for time correction and market share were applied (see text above). 

9.2.3.4.2.2 Risk characterisation 

Risk for carcinogenicity 

Table 9-34 shows the risk characterisation for carcinogenicity for operators performing 
brushing/rolling. The risk for carcinogenicity is based on measured Cr(VI) inhalation exposure data for 
these workers and the RAC dose-response relationship for the excess lifetime cancer risk for lung 
cancer (ECHA, 2013a). 

Table 9-34: Risk characterisation for carcinogenicity for WCS 3 ς Operators performing 

brushing/rolling 

Route of exposure and 
type of effects 

Long-term exposure 
[µg/m3] a 

Risk characterisation: 
Excess lifetime lung 
cancer risk b [1/µg/m 3]  

Excess lifetime cancer 
risk (ELCR) c 

Inhalation: Systemic 
Long Term 

0.240 4.00E-03 9.60E-04 

All values rounded to three significant figures for presentation, but unrounded values used for calculation of exposure. 

a Calculated value, which is based on 90th percentile of long-term measurements while the operator exclusively performed 
brushing/rolling activities at GB and EEA sites. 

b RAC dose-response relationship based on excess lifetime lung cancer risk (ECHA, 2013a): Exposure to 1 µg/m3 Cr(VI) relates 
to an excess risk of 4x10-3 for workers, based on 40 years of exposure; 8h/day; 5 days/week. 

c Excess lifetime lung cancer risk. 
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Conclusion on risk characterisation  

Carcinogenicity 

The excess life-time cancer risk for operators performing brushing/rolling is 9.60E-04. 

This risk estimate can be considered as conservative, because: 

- it is based on a conservative exposure-risk relationship (ERR), 
- it uses the 90th percentile of the reported long-term measurements,  
- these measurements were not corrected for their duration but assumed to be shift 

representative values, 
- no correction for wearing RPE was applied although workers may wear RPE under certain 

conditions for some brushing/rolling activities. 

On average, we assume that 18 brushing/rolling operators are engaged in this scenario per day per 
site. For sites where the work is distributed among a higher number of workers, a higher number of 
people would have to be considered, but their long-term average individual exposure concentration 
would be lower. 

9.2.3.4.2.3 Biomonitoring 

A detailed description of how the biomonitoring data was compiled and additional information on the 
available database is provided in Annex V of this CSR. 

For operators performing brushing/rolling one GB site provided biomonitoring data sampled in 2017 
and 2019. The data cover the main task of operators performing brushing/rolling application of 
primers. For this WCS, all available data were reported as individual values and no data for groups of 
workers are available. The following table shows an overview of the available individual values. 

Table 9-35: Biomonitoring data for WCS 3 ς Operators performing brushing/rolling at GB sites 

Individual values 

N 2 a 

AM [µmol Cr/mol creatinine] 4.75 

Median [µmol Cr/mol creatinine] n.a. 

90th percentile [µmol Cr/mol creatinine] n.a. 

N > 10.0 µmol Cr/mol creatinine 0 

All exposure values rounded to three significant figures for presentation. 

n.a. = not assessed; the statistical parameter was only determined if at least three (for AM) or ten (for SD, Median and 90th 
percentile) values were available. 

a Individual values are 0.801 and 8.70 µmol Cr/mol creatinine.  

 

The presented biomonitoring data show that the body burden of operators performing 
brushing/rolling at GB sites did not exceed the UK BMGV in a single case. 

A plausible reason for the small database for this WCS may be that sites reported the biomonitoring 
data for operators performing brushing/rolling applications of primers under a different WCS, as the 
operator may also be involved in other tasks with a higher potential for chromate exposure than the 
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brushing/rolling application during their workweek (e.g., spraying or machining and if necessary and 
touch-up activities).  

For this WCS biomonitoring data are available from 19 sites in five EEA countries, sampled in the years 
2019-2022. The data cover the main tasks of operators performing brushing/rolling and some 
measurements additionally cover main tasks performed by: 

¶ Spray operators for manual spraying in a spray room/booth 

¶ Machinists 

¶ Sanders in a dedicated hangar 

Biomonitoring data were reported by companies either as individual values or as results for groups of 
workers and are reported here accordingly (see Annex V). The following table shows the summary 
statistics for the individual values and an overview of the available group entries.  

Table 9-36: Biomonitoring data for WCS 3 ς Operators performing brushing/rolling at EEA 

sites 

Individual values 

N 16 

AM [µmol Cr/mol creatinine] 0.889 

Median [µmol Cr/mol creatinine] 0.240 

90th Perc. [µmol Cr/mol creatinine] 2.64 

N > 10.0 µmol Cr/mol creatinine 0 

Group entries 

N 597 

Number of data sets 26 

Number of data sets with individual values > 10.0 µmol 
Cr/mol creatinine 

1 a 

% of data sets with individual values > 10.0 µmol Cr/mol 
creatinine 

3.85% 

All exposure values rounded to three significant figures for presentation. 

a MAX value of 14.4 µmol Cr/mol creatinine is reported for one group entry (data set of 38 values). The number of values 
exceeding 10.0 µmol Cr/mol creatinine is unknown for this group entry. 

In total, 16 individual values are available, with an AM of 0.889 µmol Cr/mol creatinine and a 90th 
percentile of 2.64 µmol Cr/mol creatinine. No values exceed 10.0 µmol Cr/mol creatinine (UK BMGV). 

The majority of values are available as group entries: 597 values from 26 data sets for this WCS. In one 
of these two data sets, a MAX value exceeding the UK BMGV of 10.0 µmol Cr/mol creatinine was 
reported (14.4 µmol Cr/mol creatinine). The exact number of values exceeding 10.0 µmol Cr/mol 
creatinine is unknown for these group entries. During the days before sampling the workers from the 
group entry with the MAX value of 14.4 µmol Cr/mol creatinine performed brushing, machining, and 
spraying in a room/booth. These additional tasks with Cr(VI) exposure may have led to the increased 
exposure in individuals.  
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Overall, the reported biomonitoring data confirm that the body burden of operators performing 
brushing/rolling exceeded the UK BMGV only in a single case. 

The biomonitoring data are not considered quantitatively for the present exposure and risk assessment 
due to the reasons described in section 9.1.2.6.2.  

9.2.3.5 Worker contributing scenario 4 ς Machinists 

Machinists are usually involved in numerous activities related to mechanical treatment of metallic 
parts. Different types of machining might be necessary: sawing, drilling, bolting, countersinking, 
riveting, deburring, grinding, fettling, sanding, etc.  

All machining activities are ŎƻƴŘǳŎǘŜŘ ƛƴ ŀǊŜŀǎΣ ǿƘƛŎƘ ŀǊŜ ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ǎƛǘŜΩǎ ƻǘƘŜǊ ǇǊƻŎŜǎǎŜǎ 
and is access controlled (either physically (barrier/signage) or through strict procedures. Machining 
can take place either in an extraction bench/room/booth, in large work areas, and less frequently in 
very small work areas. Typical activities with possible direct Cr(VI) exposure performed by these 
operators are machining on metallic parts previously treated with primers containing StC, PCO, and/or 
PHD.  

For the purpose of this assessment, we will distinguish two categories of machining activities leading 
to different types of exposure:  

- άaŀŎƘƛƴƛƴƎ ƻƴ ǇŀǊǘǎέ ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ŀ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ŀ ǇŀǊǘ Ŏŀƴ ōŜ ǇƛŜǊŎŜŘΣ ƳƛƭƭŜŘΣ ŎǳǘΣ ŜǘŎΦ 
i.e., machining operations affecting the deeper metallic layers of the part (without Cr(VI)). 
During these processes, release of shaving/chips and little (or no) dust containing potentially 
low Cr(VI) concentration may occur. 

and  

- άMŀŎƘƛƴƛƴƎ ƻƴ ǎǳǊŦŀŎŜǎέ ǿƘƛŎƘ Ŏƻƴǎƛǎǘǎ ƛƴ ǘƘŜ ǊŜƳƻǾŀƭκŀŎǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜ ǇŀǊǘ ǎǳǊŦŀŎŜ ƻƴƭȅ 
(abrasion, sanding, etc.) i.e. machining operations affecting exclusively the surface layer of the 
part that may have been previously treated with Cr(VI) primer products. This kind of machining 
processes generate high emissions of dust particles containing higher Cr(VI) concentration.  

Typical tasks with possible Cr(VI) exposure performed by machinists are:  

Main tasks 

¶ Task 1: Machining on surfaces on an extraction bench/room/booth, including cleaning (PROC 
21, 24) 

¶ Task 2: Machining on surfaces in large work areas (e.g., workshop, hall, room), including 
cleaning (PROC 21, 24) 

¶ Task 3: Machining on surfaces in very small work areas (confined space, e.g., wing area/tank), 
including cleaning (PROC 21, 24) 

¶ Task 4: Machining on parts on an extraction bench/room/booth, including cleaning (PROC 21, 
24) 

¶ Task 5: Machining on parts in large work areas (e.g., workshop, hall, room), including cleaning 
(PROC 21, 24) 

¶ Task 6: Machining on parts in very small work areas (confined space, e.g., wing area/tank), 
including cleaning (PROC 21, 24) 

 

Secondary tasks 
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¶ Task 7: Decanting/mixing of liquid primer and filling of guns/cups/small containers (PROC 5, 
PROC 9) 

¶ Task 8: Primer application by brushing/rolling (PROC 10) 

¶ Task 9: Handling of solid and/or liquid waste (PROC 8b) 

¶ Task 10: Maintenance and cleaning of equipment and work area (PROC 28) 

¶ Task 11: Media blasting in closed system, including cleaning and waste removal (PROC 21, 
PROC 24) 

As tasks 7 to 11 are main tasks performed by other SEGs, they are described in detail in the respective 
ǿƻǊƪŜǊ ŎƻƴǘǊƛōǳǘƛƴƎ ǎŎŜƴŀǊƛƻǎΣ ²/{м Ψ{ǇǊŀȅ ƻǇŜǊŀǘƻǊǎ ŦƻǊ Ƴŀƴǳŀƭ ǎǇǊŀȅƛƴƎ ƛƴ ǎǇǊŀȅ ǊƻƻƳκōƻƻǘƘΩ όǘŀǎƪ 
7; see section 9.2.3.2), WCS3 ΨhǇŜǊŀǘƻǊǎ ǇŜǊŦƻǊƳƛƴƎ brushing/rollingΩ όǘŀǎƪ уΤ ǎŜŜ ǎŜŎǘƛƻƴ 9.2.3.4), 
WCS8 ΨaŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ŎƭŜŀƴƛƴƎ ǿƻǊƪŜǊǎ ŦƻǊ ǎǇǊŀȅ ŀǊŜŀόǎύΩ όǘŀǎƪ фΤ ǎŜŜ ǎŜŎǘƛƻƴ 9.2.3.9), WCS9 
ΨaŀƛƴǘŜƴŀƴŎŜ ŀƴŘκƻǊ ŎƭŜŀƴƛƴƎ ǿƻǊƪŜǊǎ (excluding spray areas) Ψ όǘŀǎƪ млΤ ǎŜŜ ǎŜŎǘƛƻƴ 9.2.3.10), and 
WCS6 Ψ²ƻǊƪŜǊǎ ǇŜǊŦƻǊƳƛƴƎ ƳŜŘƛŀ ōƭŀǎǘƛƴƎ ƛƴ ŎƭƻǎŜŘ ǎȅǎǘŜƳΨ όǘŀǎƪ ммΤ ǎŜŜ ǎŜŎǘƛƻƴ 9.2.3.7).  

At few GB sites, automated machining units (e.g., drilling/milling units) are used. These automated 
systems enable full control and direction of rig functions from a single remote-control source. At sites 
where such equipment is used, machinists are typically in charge of the use of the machine. Activities 
of the operator include the installation of the automated machine, the set-up of the machine, the 
control of the machining operations, and the insertion and removal of parts. The automated machine 
typically includes an internal air extraction system. Since very low to no exposure is foreseen during 
general set-up/removal activities and automated machining operations, it can be expected that 
exposure during such activities is lower than during the main (and secondary) tasks of machinists 
described above. Therefore, automated machining is not addressed separately in the present 
assessment. 

In the following sections, the conditions of use for each task with potential direct Cr(VI) exposure are 
specified and the individual activities are described in more detail. 

9.2.3.5.1 Conditions of use 

Table 9-37 summarises the conditions of use for the main tasks with direct Cr(VI) exposure carried out 
by machinists. 

Table 9-37: Conditions of use ς Worker contributing scenario 4 ς Machinists  

Product (article) characteristics 

Product type n.a. (surface-treated parts) 

Amount and concentration used (or contained in articles), frequency and duration of 
use/exposure 

Task 1: Machining on surfaces on an extraction bench/room/booth, including cleaning (PROC 21, 
24) 

Duration of task [min/shift]: 5 - 480 

Frequency of task [days/year]: <1 - 240 

Task 2: Machining on surfaces in large work areas (e.g. workshop, hall, room), including cleaning 
(PROC 21, 24) 

Duration of task [min/shift]: 5 - 420 
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Frequency of task [days/year]: <1 - 240 

Task 3: Machining on surfaces in very small work areas (confined space, e.g., wing area/tank), 
including cleaning (PROC 21, 24) 

Duration of task [min/shift]: 5 - 360 

Frequency of task [days/year]: <1 - 240 

Task 4: Machining on parts on an extraction bench/room/booth, including cleaning (PROC 21, 24) 

Duration of task [min/shift]: 5 - 420 

Frequency of task [days/year]: <1 - 240 

Task 5: Machining on parts in large work areas (e.g. workshop, hall, room), including cleaning 
(PROC 21, 24) 

Duration of task [min/shift]: 5 - 480 

Frequency of task [days/year]: <1 - 240 

Task 6: Machining on parts in very small work areas (e.g., wing area/tank), including cleaning 
(PROC 21, 24) 

Duration of task [min/shift]: 5 - 360 

Frequency of task [days/year]: <1 - 240 

Technical and organisational conditions and measures 

Task 1: Machining on surfaces on an extraction bench/room/booth, including cleaning (PROC 21, 
24) 

LEV: Yes 

Type of LEV: LEV system installed in extraction 
bench/room/booth 

Type of general ventilation in working hall: Natural ventilation 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure 

Task 2: Machining on surfaces in large work areas (e.g. workshop, hall, room), including cleaning 
(PROC 21, 24) 

LEV: Yes 

Type of LEV: On-tool extraction system or mobile extraction 
(including vacuum cleaner) 

Type of general ventilation in working hall: Natural ventilation 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 
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Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
If not technically possible to implement a LEV, 
workers operate under wet conditions. 

Task 3: Machining on surfaces in very small work areas (confined space, e.g., wing area/tank), 
including cleaning (PROC 21, 24) 

LEV: Yes 

Type of LEV: On-tool extraction system or mobile extraction 
(including vacuum cleaner) 

Type of general ventilation in working hall: Mechanical ventilation unless use of mechanical 
ventilation would introduce risks (e.g. local spark 
risk) or would otherwise not be technically and 
practically possible. 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
If not technically possible to implement a LEV, 
workers operate under wet conditions. 

Task 4: Machining on parts on an extraction bench/room/booth, including cleaning (PROC 21, 24) 

LEV: yes 

Type of LEV: LEV system installed in extraction 
bench/room/booth 

Type of general ventilation in working hall: Natural ventilation 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure 

Task 5: Machining on parts in large work areas (e.g. workshop, hall, room), including cleaning 
(PROC 21, 24) 

LEV: Yes 

Type of LEV: On-tool extraction system or mobile extraction 
(including vacuum cleaner) 

Type of general ventilation in working hall: Natural ventilation 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 
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Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
If not technically possible to implement a LEV, 
workers operate under wet conditions. 

Task 6: Machining on parts in very small work areas (e.g., wing area/tank), including cleaning 
(PROC 21, 24) 

LEV: Yes 

Type of LEV: On-tool extraction system or mobile extraction 
(including vacuum cleaner) 

Type of general ventilation in working hall: Mechanical ventilation unless use of mechanical 
ventilation would introduce risks (e.g. local spark 
risk) or would otherwise not be technically and 
practically possible. 

Air changes per hour (ACH) of general 
ventilation: 

n.a. 

Other RMMs in place: Restriction of access by means of signage or 
physical segregation or through strict procedure. 
If not technically possible to implement a LEV, 
workers operate under wet conditions. 

Conditions and measures related to personal protection, hygiene, and health evaluation 

Gloves   

As it is expected that any residual Cr(VI) contained in coated particles released by machining cannot 
be absorbed through the skin, no specific requirements for gloves with regard to carcinogenic effects 
result for this scenario. However, the PPE for each machining activity is determined by each site with 
an overall EH&S risk assessment for potential mechanical injury. 

Eye protection   

Eye protection as per relevant risk assessment must be worn during all tasks. 
If an air-fed hood, helmet, or full-mask is worn during spray application, no further eye protection 
is needed.  
Type of eye protection to be used for specific tasks is laid down in work instructions for the tasks. 

Task 1: Machining on surfaces on an extraction bench/room/booth, including cleaning (PROC 21, 
24) 

RPE: Yes, at least half mask with P3 filter 

Protection clothes: Chemical protective clothing per site-specific risk 
assessment 

Task 2: Machining on surfaces in large work areas (e.g. workshop, hall, room), including cleaning 
(PROC 21, 24) 

RPE: Yes, at least half mask with P3 filter 

Protection clothes: Chemical protective clothing per site-specific risk 
assessment 
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Task 3: Machining on surfaces in very small work areas (confined space, e.g., wing area/tank), 
including cleaning (PROC 21, 24) 

RPE: Yes, at least half mask with P3 filter 

Protection clothes: Chemical protective clothing per site-specific risk 
assessment 

Task 4: Machining on parts on an extraction bench/room/booth, including cleaning (PROC 21, 24) 

RPE: RPE is worn if industrial hygiene exposure 
assessment confirms that RPE use is required 

Protection clothes: Chemical protective clothing per site-specific risk 
assessment 

Task 5: Machining on parts in large work areas (e.g. workshop, hall, room), including cleaning 
(PROC 21, 24) 

RPE: RPE is worn if industrial hygiene exposure 
assessment confirms that RPE use is required 

Protection clothes: Chemical protective clothing per site-specific risk 
assessment 

Task 6: Machining on parts in very small work areas (e.g., wing area/tank), including cleaning 
(PROC 21, 24) 

RPE: RPE is worn if industrial hygiene exposure 
assessment confirms that RPE use is required 

Protection clothes: Chemical protective clothing per site-specific risk 
assessment 

hǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀŦŦŜŎǘƛƴƎ ǿƻǊƪŜǊǎΩ ŜȄǇƻǎǳǊŜ 

Place of use:  Indoors 

Temperature:  Room temperature 

Additional good practice advice. Obligations according to Article 37(4) of REACH do not apply 

None   

9.2.3.5.2 Exposure and risks for workers 

Between individual sites, the number of machinists is very variable, depending on several factors such 
as the size of the site, the organisation of the machining area(s) (presence or not of extraction 
room(s)/booth(s)/bench(es), machining in large work areas, or machining in very small areas, all 
possibly organised in different workshops), the distribution and throughput of work. The number of 
work shifts also differs between sites, ranging typically from one to three shifts per day. The shift 
duration is usually 8h but may also be between 7 and 12h, depending on the organisation of the site 
and national laws. 

In GB, the number of machinists typically ranges between one to 69 workers per shift and reach 1440 
workers at one large site where machining is a major activity. Based on the arithmetic mean calculated 
from information received from DUs, in the following we assume that on average 18 machinists (18 
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per shift, one shift) are engaged per day per site in this use (at 30% of sites) and 1440 machinists at 
one site.  

Below we describe in detail the relevant tasks with direct Cr(VI) exposure and the working conditions. 
The use conditions specified in Table 9-37 apply to these tasks.  

Task 1 to 3: Machining on surfaces on an extraction bench/room/booth, including cleaning - Machining 
on surfaces in large work areas (e.g., workshop, hall, room), including cleaning - Machining on surfaces 
in very small work areas (confined space, e.g., wing area/tank), including cleaning 

Machining on surfaces may be required for production, maintenance, and repair activities when parts 
need to be reworked or resized/fitted to meet dimensional accuracy, special surface characteristics or 
textures defined in the customer specifications. Common abrasive processes are sanding, grinding, and 
fettling. Machining on surfaces can be performed manually (e.g., light sanding using sandpaper or 
abrasive pad) or mechanically using hand-held power tools generally equipped with on-tool extraction 
(e.g., orbital sander).  

 

 

       

Figure 9-3: Examples of tools used for machining on surfaces (Rotary sander (a), flap wheel 

sander (b), band sander (c), all equipped with on-tool extraction)  

Task 1: Machining on surfaces can be performed in a dedicated extraction room or booth (with an 
exhaust system where the airflow is usually directed from the ceiling to the floor and/or to the side 
walls) or an extraction bench specifically designed to capture dust (e.g., grinding table equipped with 
downdraught extraction systems). Besides the LEV system in place, worker may also use tools 
equipped with on-tool extraction and/or wetting at the point of release. Examples of LEV systems 
installed at sites are given in Annex VIII. 

 

 

Figure 9-4: Extraction bench (a) and fettling booth (b + c) used for machining  
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Figure 9-5: Manual abrasion performed in an extraction booth 

 

Task 2: At some sites, when machining is required e.g., on the assembly line or in MRO workshops, for 
example on large parts or, directly on the aircraft, machining of surfaces can take place in large work 
areas/workshops. Whenever technically possible, machining activities are conducted under the use of 
a LEV (e.g., on-tool extraction, mobile LEV). If the work area is not equipped with a LEV, machinists 
operate under wet conditions. 

Task 3: At some sites machining on surfaces in confined spaces is required. For instance, during the 
general equipping of wings, sanding/abrasion for fitting and/or re-work (due to damage or 
imperfections), and then cleaning and/or removing of dust may be required inside the wing. Inside fuel 
tanks or inside aircraft fuselage, manual or mechanical machining may also be required. Depending on 
the activity, the size of the confined space and the tool used, LEV (generally on-tool extraction or small 
designed LEV) is present if technically possible. If the work area is not equipped with a LEV, wet 
machining/wet cleaning methods are performed. 
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Figure 9-6: Machining performed in a confined space (wing tank)  

Task 4 to 6: Machining on parts on an extraction bench/room/booth, including cleaning - Machining 
on parts in large work areas (e.g., workshop, hall, room), including cleaning - Machining on parts in 
very small work areas (e.g., wing area/tank), including cleaning 

Machining on parts is generally required during production activities for the fitting of parts. Machining 
on parts includes for instance sawing, drilling, bolting, countersinking, riveting, deburring, etc. It is 
mostly performed using hand-held power tools generally equipped with on-tool extraction (e.g., 
ŘǊƛƭƭƛƴƎ ƳŀŎƘƛƴŜΣ ŎƻǳƴǘŜǊ ōƻǊŜ ŎǳǘǘŜǊΣ ŎƻƳǇǊŜǎǎŜŘ ŀƛǊ ΨǊƛǾŜǘΩ ƎǳƴύΦ  

 

Figure 9-7: Different types of machining activities on parts (Bolting (a), deburring (b), rib 

drilling (c))  

Task 4: Machining on parts can be performed in a dedicated extraction room or booth (with an exhaust 
system where the airflow is usually directed from the ceiling to the floor and/or to the side walls) or 
an extraction bench specifically designed to capture metal chips (e.g., fettling booth). Examples of LEV 
systems installed at sites are given in Annex VIII. 


































































































































































































