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PLEASE NOTE

This paperless packet is published on the County’s website for
convenience purposes, and only includes information received up to
the close of business on the day before a public hearing. Documents
received after this, or documents submitted during the public hearing
are not uploaded to the Paperless Packet. The legal record is the
paper record maintained in the Offices of the Planning & Zoning
Department.
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AGENDA
February 6, 2023
6:00 P.M.

PLEASE REVIEW MEETING INSTRUCTIONS AT THE BOTTOM OF THE AGENDA**

Call to Order

Pledge of Allegiance

Approval of Agenda

Approval of Minutes for December 12, 2022

Approval of Finding of Facts for December 12, 2022

Public Hearings

Case No. 12789 — FDPN Management LLC seeks a special use exception to operate a
potentially hazardous use (use of a concrete crusher to support manufacturing and recycling
associated with a concrete batching plant) (Sections 115-110 and 115-111 of the Sussex
County Zoning Code). The property is located on the west side of Sussex Highway
approximately 0.30 miles north of Cannon Road. 911 Address: 20354 Sussex Highway,
Bridgeville. Zoning District: HI-1. Tax Parcel: 131-19.00-5.00

Case No. 12790 — Joshua E. Mueller seeks variances from the maximum fence height
requirement for an existing fence and front yard setback requirement for existing structures
(Sections 115-25, 115-182, and 115-185 of the Sussex County Zoning Code). The property is
located on the southeast side of Peppers Corner Road at the corner of Beaver Dam Road. 911
Address: 34215 Peppers Corner Road, Dagsboro. Zoning District: AR-1. Tax Parcel: 134-
15.00-124.00

Case No. 12791 — Chad J. Parker and Laurel J. Hummel seek variances from the rear yard
setback requirements for proposed structures (Sections 115-34, and 115-183 of the Sussex
County Zoning Code). The property is located on the northwest side of Gloucester Drive
within the Canal Point Subdivision. 911 Address: 41235 Gloucester Drive, Rehoboth Beach.
Zoning District: MR. Tax Map: 334-13.00-1505.00
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Case No. 12792 — Todd and Nina Probel seck variances from the side yard setback
requirement for a proposed structure (Sections 115-25, 115-183, and 115-185 of the Sussex
County Zoning Code). The property is located on the southeast side of Show Jumper Lane
within the Showfield Subdivision. 911 Address: 18315 Show Jumper Lane, Lewes. Zoning
District: AR-1. Tax Map: 335-8.00-1128.00

Additional Business
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-MEETING DETAILS-

In accordance with 29 Del. C. §10004(e)(2), this Agenda was posted on January 30, 2023, at 4:30
p.m. and at least seven (7) days in advance of the meeting.

The Agenda was prepared by the Director of Planning and Zoning and is subject to change to include
the addition or deletion of items, including Executive Sessions, which arise at the time of the meeting.

Agenda items may be considered out of sequence.
The meeting will be streamed live at https://sussexcountyde.gov/council-chamber-broadcast

The County is required to provide a dial-in number for the public to comment during the appropriate
e o the et NOUSAHGORARS SIS SXPSAEAGES & SUSSCEORA e

Any person who dials in should listen to the teleconference audio to avoid the on-line stream delay.

To join the meeting via telephone, please dial:

Conference Number: 1 302 394 5036
Conference Code: 570176

Members of the public joining the meeting on the telephone will be provided an opportunity to make
comments for those items under public hearings on this agenda.

The Board of Adjustment meeting materials, including the “packet”, are electronically accessible on
the County’s website at: https://sussexcountyde.gov/agendas-minutes/board-of-adjustment

If any member of the public would like to submit comments electronically, these may be sent to
pandz@sussexcountyde.gov. All comments are encouraged to be submitted by 4:30 P.M. on Thursday,
February 2, 2023
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RECEIVED
October 21, 2022
Jamie Whitehouse AICP NOV 1 2022
Planning & Zoning Coordinator SUSSEX COUNTY
2 The Circle ”

5 & ZONING
Georgetown, DE 19947 PLANNING & ZON

RE: Concrete Crusher Permanent Special Use Exception
Bridgeville Concrete Plant Development
20354 Sussex Highway
Sussex County, Delaware
BMG Project No.: 2020112.00

Dear Mr. Whitehouse:

Please find attached a Board of Adjustment Application for a Permanent Special Use
Exception for a “Potentially Hazardous Use” for the above referenced project. This is
submitted for consideration at the next Board of Adjustment meeting on November 7, 2022.
We are providing the following documents with this submission:

The following documents have been provided in support of this submission:

e Two (2) copies of Site Plan Exhibit
e One (1) copy of the Board of Adjustment Special Use Exception Application
e One (1) Check in the amount of $500.00

We request this project be included on the agenda for the November 07, 2022, Planning
Commission hearing. If there are any comments and/or questions, please feel free to contact
our office.

Sincerely,

BECKER MORGAN GROUP, INC.

Jonathan D. Richard, P.E.
Civil Engineer

JDR/jdr
Cc:

202011200bb-1tr-SCPZ-variance.docx



Case # — i
Board of Adjustment Application Hearing Date __ /7] 2%

RECEIVED Sussex County, Delaware 202215876
. Sussex County Planning & Zoning Department
NOV 1 fU?/ 2 The Circle (P.O. Box 417) Georgetown, DE 19947
&t it 302-855-7878 ph. 302-854-5079 fax
SUSSEX COUNTY
PLANNIN (Type’of (Application: (please check all applicable)
Variance [_] Existing Condition [_]
Special Use Exception Proposed [_|
Administrative Variance [_] Code Reference (office use only)
Appeal [_] s-1o 15 -1l

Site Address of Variance/Special Use Exception:
20354 Sussex Highway, Bridgeville DE, Sussex County

Variance/Special Use Exception/Appeal Requested:

Applicant requests a Special Use Exception for the use of a concrete crusher to support the manufacturing and
recycling associated with a concrete batch plant. The concrete batch plant has received Site plan approval from
Sussex County Planning 07/13/2022. Crushing concrete is a viable recycling option that is commonly used as
a base for roads, parking lots, and driveways, as well as backfill material and shoulder stone.

Tax Map #: 131-19.00-5.00 Property Zoning: HI-1

Applicant Information

Applicant Name: FDPN Management LLC

Applicant Address: PO Box 578
City Dover State be Zip: 19904
Applicant Phone #: (302) 730-0150 Applicant e-mail: fdimondi@msn.com

Owner Information

Owner Name: FDPN Management LLC

Owner Address: PO Box 578
City Dover State pEe Zip: 19904 Purchase Date:
Owner Phone #:  (302) 730-0150 Owner e-mail:  fdimondi@msn.com

Agent/Attorney Information

Agent/Attorney Name: Becker Morgan Group, Inc

Agent/Attorney Address: 309 S. Governors Ave

City Dover State e Zip: 19904

Agent/Attorney Phone #: (302) 734-7950 Agent/Attorney e-mail: jichard@beckermorgan.com

Signature of Owner/Agent/Attorney

.i-" r-\ “M Date: \Q 1\0/&\\
N~
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Sussex County, DE - BOA Application

Criteria for a Special Use Exception: (Please provide a written statement regarding each
criteria)

You shall demonstrate to the Board of Adjustment that the property meets all of the following
criteria for a Special Use Exception to be granted.

1. Such exception will not substantially affect adversely the uses of adjacent and neighboring
property.

Neighboring properties are similarly zoned. Propertics to the south and east are under Town of Bridgeville
jurisdiction, and located within an agricultural industrial overlay zone. As such, these properties prohibit
residential use, and promote agriculture and industrial use. The surrounding property is currently vacant
other than for agriculture use, which the proposed application would have no adverse affect on. The
property to the north is owned by the applicant.

2. Any other requirements which apply to a specific type of special use exception as required by
the Sussex County Code. (Ex. Time limitations — 5 year maximum)

As this is a SUE for a "Potentially Hazardous Use" and not a temporary use, the applicant is requesting a
permanent SUE approval for the use of a concrete crusher to be used on site for the manufacturing of
recycled concrete product.

Basis for Appeal: (Please provide a written statement regarding reason for appeal)

Page |3
Last updated 7/1/2022
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Memorandum

To:  Technical Advisory Committee Members, and Others

From: Jamie Whitehouse, AICP, Director of Planning and Zoning

CC: Ms. Amy Hollis, Recording Secretary, Sussex County Board of Adjustment
Date: December 1, 2022

RE:  Special Use Exception for 20354 Sussex Highway, Bridgeville, Delaware
Tax Parcel ID: 131-19.00-5.00

The Sussex County Board of Adjustment has received an application from FDPN Management
LLC for a Special Use Exception for a concrete crusher to support the manufacturing and recycling
associated with a concrete batch plant. The site is located in a HI-1 Heavy Industrial Zoning
District.

Case No. 12778 — FDPN Management LLC seeks a special use exception to operate a potentially
hazardous use (use of a concrete crusher to support manufacturing and recycling associated with
a concrete batching plant) (Sections 115-110 and 115-111 of the Sussex County Zoning Code).
The property is located on the west side of Sussex Highway approximately 0.30 miles north of
Cannon Road. 911 Address: 20354 Sussex Highway, Bridgeville. Zoning District: HI-1. Tax
Parcel: 131-19.00-5.00

This matter is tentatively scheduled for February 6, at 6:00 pm. Prior to the notice of this meeting,
the Planning and Zoning Department is writing to Agencies with a potential interest in the
application. If you have any comments or observations regarding this proposal, please could I ask
that they are submitted no later than January 3, 2023.

Please feel free to contact me with any questions during business hours 8:30 am — 4:30 pm Monday
through Friday at 302-855-7878 or via email at PANDZ@sussexcountyde.gov.

Sincerely,

I B T

Jamie Whitehouse, AICP
Director, Planning and Zoning Department
Enc. Copy of the application form and support documents.

COUNTY ADMINSITRATIVE OFFICES
2 THE CIRCLE | PO BOX 417
GEORGETOWN, DELAWARE 19947
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Amy Hollis

From: Dickerson, Troy <TDickerson@delaware.coop>
Sent: Thursday, December 1, 2022 1:42 PM

To: Amy Hollis

Subject: RE: FDPN Management LLC TAC Memo

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Good Afternoon Amy,
This project is located within DP&L'’s service territory.
Thanks!!

Troy W. Dickerson, P.E.
Vice President of Engineering
Voice: (302) 349-3125

Cell:  (302) 535-9048

Fax: (302) 349-5891
tdickerson@delaware.coop

F

DELAWARE ELECTRIC CO-0F

e Keep Ine Lights Oon®

This e-mail message, including any attachments, is for the sole use of the intended recipient(s) and may contain
confidential and privileged information. Any unauthorized review, copy, use, disclosure, or distribution is prohibited. If you
are not the intended recipient, please contact the sender by reply e-mail and destroy all copies of the original message.

From: Amy Hollis <amy.hollis@sussexcountyde.gov>

Sent: Thursday, December 1, 2022 11:17 AM

To: C. Daniel Parsons <dparsons@sussexcountyde.gov>; Dickerson, Troy <TDickerson@delaware.coop>;
duane.fox@delaware.gov; dholden@chpk.com; John J. Ashman <jashman@sussexcountyde.gov>;
jennifer.cinelli@delaware.gov; richard.mccabe@delaware.gov; Brian Tolley <brian.tolley@sussexcountyde.gov>;
milton.melendez@delaware.gov; Jordan T. Dickerson <jordan.dickerson@sussexcountyde.gov>;
dawn.budinger@delaware.gov; jessica.watson@sussexconservation.org; Susan Isaacs <sisaacs@sussexcountyde.gov>;
subdivision@delaware.gov; Vince Robertson <vrobertson@pgslegal.com>; marvina.cephas@delaware.gov;
michael.tholstrup@delaware.gov; Thelton.savage@usda.gov; william.milliken@delaware.gov;
kesha.braunskill@delaware.gov; Trevor_Clark@FWS.gov; robin.weinkam@delaware.gov; lisa.savage@delmarva.com;
carlton.hall@delaware.gov

Subject: FDPN Management LLC TAC Memo

Good Morning,
Please see the attached for your review.
Any comments or observations should please be submitted to the Office of Planning and Zoning by 1/3/2023.

Thank you,



Amy Hollis

Clerk III

Sussex County Planning and Zoning
2 The Circle, Georgetown, DE 19947
302-855-7878

Amy. Hollis@SussexCountyDE.GOV




Amy Hollis

From: Cinelli, Jennifer (DelDOT) <jennifer.cinelli@delaware.gov>
Sent: Friday, January 13, 2023 3:38 PM

To: Amy Hollis

Cc: Bayer, Stephen G (DelDOT); DuRoss, Michael (DelDOT)
Subject: RE: FDPN Management LLC TAC Memo

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Hi Amy,

My only comment is regarding the stormwater maintenance area. Since this parcel falls along a major corridor (US 13),
the stormwater facilities should not be placed along the roadway. Please have them relocate the stormwater so, should
DelDOT seek to expand the roadway or require service roads for capacity, they don’t lose the stormwater facilities.

Thank you!
Jennifer

From: Amy Hollis <amy.hollis@sussexcountyde.gov>

Sent: Thursday, December 1, 2022 11:17 AM

To: C. Daniel Parsons <dparsons@sussexcountyde.gov>; tdickerson@decoop.com; Fox, Duane T. (FireMarshal)
<Duane.Fox@delaware.gov>; dholden@chpk.com; John J. Ashman <jashman@sussexcountyde.gov>; Cinelli, Jennifer
(DelDOT) <jennifer.cinelli@delaware.gov>; McCabe, R. Stephen (DelDOT) <Richard.McCabe@delaware.gov>; Brian
Tolley <brian.tolley@sussexcountyde.gov>; Melendez, Milton (DDA) <milton.melendez@delaware.gov>; Jordan T.
Dickerson <jordan.dickerson@sussexcountyde.gov>; Budinger, Dawn R (DNREC) <Dawn.Budinger@delaware.gov>;
jessica.watson@sussexconservation.org; Susan Isaacs <sisaacs@sussexcountyde.gov>; Subdivision (MailBox Resources)
<Subdivision@delaware.gov>; Vince Robertson <vrobertson@pgslegal.com>; Cephas, Marvina (DNREC)
<Marvina.Cephas@delaware.gov>; Tholstrup, Michael S. (DNREC) <Michael.Tholstrup@delaware.gov>;
Thelton.savage@usda.gov; Milliken, William (DHSS) <William.Milliken@delaware.gov>; Braunskill, Kesha (DDA)
<Kesha.Braunskill@delaware.gov>; Trevor_Clark@FWS.gov; Weinkam, Robin A. (DNREC)
<Robin.Weinkam@delaware.gov>; lisa.savage@delmarva.com; Hall, Carlton A. (DOS) <Carlton.Hall@delaware.gov>
Subject: FDPN Management LLC TAC Memo

Good Morning,

Please see the attached for your review.

Any comments or observations should please be submitted to the Office of Planning and Zoning by 1/3/2023.
Thank you,

Amy Hollis

Clerk 111

Sussex County Planning and Zoning

2 The Circle, Georgetown, DE 19947

302-855-7878
Amy.Hollis@SussexCountyDE.GOV
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STATE oF DELAWARE
DEPARTM ENT OF NATURAL RESOURCES AND
ENVIRONMENTAL CONTROL

DI1VISION OF WATERSHED STEWARDSHIP
21309 BERLIN RD

UNIT #6 PHONE: (302) 855-1930
DRAINAGE PROGRAM GEORGETOWN, DE 19947 Fax: (302) 670-7059

December 13, 2022

Jamie Whitehouse

Sussex County

Planning and Zoning Office
2 The Circle

Georgetown, DE 19947

RE: Parcel # 131-19.00-4.00 & 5.00; FDPN Management Bridgeville Concrete Plant

The Delaware Department of Natural Resources and Environmental Control (DNREC), Drainage
Program has reviewed the preliminary plans submitted by Becker Morgan for the above noted

property.
The Drainage Program has performed a preliminary review and offers the following guidance:

e The proposed project is not within the Middleford Tax Ditch watershed. This property
maybe subject to watershed boundaries change due to onsite water out letting to nearby
tax ditch.

e All precautions should be taken to ensure the project does not hinder any off-site drainage
upstream of the project or create any off-site drainage problems downstream by the
release of on-site storm water.

e All existing ditches on the property should be evaluated for function and cleaned, if
needed, prior to the construction of the project.

e Environmental permit or exemption coverage may be necessary from the County
Conservation District (Standard Plan), DNREC Sediment and Stormwater (eNOI/NOT),
Army Corp of Engineers, and/or DNREC Wetlands and Subaqueous Lands Section prior
to clearing and/or excavating ditch channels.



Drainage Concerns
e These parcels do not have any previously documented drainage concerns through our
departments drainage concern database.
If you have any questions or concerns, please contact the Drainage Program at (302) 855-1930.

Sincerely,

Jordanw Watson
Jordan Watson
EPS Tech

cc: Brittany L. Haywood, Tax Ditch Program Manager |



Amy Hollis

From: Fox, Duane T. (FireMarshal) <Duane.Fox@delaware.gov>
Sent: Monday, December 5, 2022 2:40 PM

To: Amy Hollis

Subject: RE: FDPN Management LLC

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Amy,
The DE State Fire Marshal’s Office has no objection to Case No. 12778 — FDPN Management LLC.

DUANE T. Fox, JR., CFPS, CFI, CFPE
ASST CHIEF, TECHNICAL SERVICES

DE STATE FIRE MARSHAL’S OFFICE
22705 PARK AVE, GEORGETOWN
302-856-5298



Amy Hollis

From: John J. Ashman

Sent: Friday, January 13, 2023 1:44 PM

To: Amy Hollis

Subject: RE: FDPN Management LLC TAC Memo
Amy,

The Engineering Department has no comments on this application.

John J. Ashman
Director of ‘Utility Planning & Design Review
Sussex County Engineering Department

302-855-7370

From: Amy Hollis <amy.hollis@sussexcountyde.gov>

Sent: Friday, January 13, 2023 12:39 PM

To: C. Daniel Parsons <dparsons@sussexcountyde.gov>; tdickerson@decoop.com; duane.fox@delaware.gov;
dholden@chpk.com; John J. Ashman <jashman@sussexcountyde.gov>; jennifer.cinelli@delaware.gov;
richard.mccabe@delaware.gov; Brian Tolley <brian.tolley@sussexcountyde.gov>; milton.melendez@delaware.gov;
Jordan T. Dickerson <jordan.dickerson@sussexcountyde.gov>; dawn.budinger@delaware.gov;
jessica.watson@sussexconservation.org; Susan Isaacs <sisaacs@sussexcountyde.gov>; subdivision@delaware.gov; Vince
Robertson <vrobertson@pgslegal.com>; marvina.cephas@delaware.gov; michael.tholstrup@delaware.gov;
Thelton.savage@usda.gov; william.milliken@delaware.gov; kesha.braunskill@delaware.gov; Trevor_Clark@FWS.gov;
robin.weinkam@delaware.gov; lisa.savage@delmarva.com; carlton.hall@delaware.gov

Cc: Jennifer Norwood <jnorwood@sussexcountyde.gov>

Subject: RE: FDPN Management LLC TAC Memo

Good Afternoon,

We have received three (3) responses to the TAC Memo sent out below. | am just following up to see if there are any
other comments to be submitted.

Thank you,

Amy Hollis

Clerk 111

Sussex County Planning and Zoning
2 The Circle, Georgetown, DE 19947
302-855-7878

Amy. Hollis@SussexCountyDE.GOV

From: Amy Hollis

Sent: Thursday, December 1, 2022 11:17 AM

To: C. Daniel Parsons <dparsons@sussexcountyde.gov>; tdickerson@decoop.com; duane.fox@delaware.gov;

dholden@chpk.com; John J. Ashman <jashman@sussexcountyde.gov>; jennifer.cinelli@delaware.gov;

richard.mccabe@delaware.gov; Brian Tolley <brian.tolley@sussexcountyde.gov>; milton.melendez@delaware.gov;

Jordan T. Dickerson <jordan.dickerson@sussexcountyde.gov>; dawn.budinger@delaware.gov;

jessica.watson@sussexconservation.org; Susan Isaacs <sisaacs@sussexcountyde.gov>; subdivision@delaware.gov;
1




vrobertson@pgslegal.com; marvina.cephas@delaware.gov; michael.tholstrup@delaware.gov;
Thelton.savage@usda.gov; william.milliken@delaware.gov; kesha.braunskill@delaware.gov; Trevor Clark@FWS.gov;
robin.weinkam@delaware.gov; lisa.savage@delmarva.com; carlton.hall@delaware.gov

Subject: FDPN Management LLC TAC Memo

Good Morning,
Please see the attached for your review.

Any comments or observations should please be submitted to the Office of Planning and Zoning by 1/3/2023.
Thank you,

Amy Hollis

Clerk III

Sussex County Planning and Zoning
2 The Circle, Georgetown, DE 19947
302-855-7878

Amy. Hollis@SussexCountyDE.GOV




Amy Hollis

From: Brian Tolley

Sent: Friday, January 13, 2023 1:15 PM

To: Amy Hollis

Subject: RE: FDPN Management LLC TAC Memo

No comments from Geographic Information.

Brian Tolley, GISP, CP

GIS Specialist I

Sussex County Government
Geographic Information Office
Georgetown, DE 19947
302-855-1176 Ext. 5896
Sussex County Government

From: Amy Hollis <amy.hollis@sussexcountyde.gov>

Sent: Thursday, December 1, 2022 11:17 AM

To: C. Daniel Parsons <dparsons@sussexcountyde.gov>; tdickerson@decoop.com; duane.fox@delaware.gov;
dholden@chpk.com; John J. Ashman <jashman@sussexcountyde.gov>; jennifer.cinelli@delaware.gov;
richard.mccabe@delaware.gov; Brian Tolley <brian.tolley@sussexcountyde.gov>; milton.melendez@delaware.gov;
Jordan T. Dickerson <jordan.dickerson@sussexcountyde.gov>; dawn.budinger@delaware.gov;
jessica.watson@sussexconservation.org; Susan Isaacs <sisaacs@sussexcountyde.gov>; subdivision@delaware.gov; Vince
Robertson <vrobertson@pgslegal.com>; marvina.cephas@delaware.gov; michael.tholstrup@delaware.gov;
Thelton.savage@usda.gov; william.milliken@delaware.gov; kesha.braunskill@delaware.gov; Trevor_Clark@FWS.gov;
robin.weinkam@delaware.gov; lisa.savage@delmarva.com; carlton.hall@delaware.gov

Subject: FDPN Management LLC TAC Memo

Good Morning,

Please see the attached for your review.

Any comments or observations should please be submitted to the Office of Planning and Zoning by 1/3/2023.
Thank you,

Amy Hollis

Clerk 111

Sussex County Planning and Zoning

2 The Circle, Georgetown, DE 19947

302-855-7878
Amy.Hollis@SussexCountyDE.GOV
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Sugsex County

DELAWARE
sussexcountyde.gov

PLANNING & ZONING COMMISSION

ROBERT C. WHEATLEY, CHAIRMAN
KIM HOEY STEVENSON, VICE-CHAIRMAN
R. KELLER HOPKINS 302-855-7878 T
J. BRUCE MEARS 302-854-5079 F
HOLLY J. WINGATE S JAMIE WHITEHOUSE, AICP, MRTPI
DIRECTOR OF PLANNING & ZONING

September 11, 2020

Mr. Chad Carter, P.E. By email to: ccarter@beckermorgan.com
Becker Morgan

309 S. Governors Avenue

Dover, DE 19901

RE: Notice of Decision Letter for the Bridgeville Concrete Plant (S-20-22) Preliminary Site Plan
for a proposed 6,640 square foot commercial building, 19 parking spaces, a batch plant, 20,250
square feet of material storage and other improvements located on the west side of Sussex Highway
(Route 13) and lying within the Combined Highway Corridor Overlay Zone (CHCOZ)

Tax Parcels: 131-19.00-5.00

Dear Mr. Carter,

At their meeting of Thursday, September 10, 2020 the Planning & Zoning Commission
approved the Preliminary Site Plan for the Bridgeville Concrete Plant (S-20-22) for a
proposed 6,640 square foot commercial building, 19 parking spaces, a batch plant, 20,250 square
feet of material storage and other improvements located on the west side of Sussex Highway (Route
13) and lying within the Combined Highway Corridor Overlay Zone (CHCOZ). The Preliminary
Site Plan was granted final approval by staff subject to the receipt of all agency approvals.
The property is zoned Heavy Industrial (HI-1) Zoning District.

After all comments in this Department’s review letter dated August 6, 2020 have been addressed
and all agency approvals have been submitted, it is recommended that a check print is submitted
to the Planning and Zoning Office for purposes of staff review and comment. The required
agency approvals for this project are the Delaware Department of Transportation (DelDOT), the
State Fire Marshal’s Office and the Sussex Conservation District. After the check print has been
reviewed and any further comments have been issued, please submit a minimum of three (3)
signed and sealed paper copies of a Final Site Plan to the Planning and Zoning Office for review
and approval by staff.

Once approved, the Planning Office will retain two (2) copies of the Final Site Plan and any
additional copies will be returned to the applicant and shall be submitted as part of any Building
Permit application process. Additional copies of the plan may be submitted for endorsement by
staff.

Please note that the Final Site Plan shall be valid for a period of five years from the date of approval
(9/10/20) by the County. Any such Final Site Plan shall be rendered null and void if substantial

COUNTY ADMINISTRATIVE OFFICES
2 THE CIRCLE | PO BOX 417
GEORGETOWN, DELAWARE 19947
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September 11, 2020

Preliminary Site Plan

Bridgeville Concrete Plant (S-20-22)

Page 2

construction is not actively and continuously underway on the use within five years of the date of
approval by the County.

Please feel free to contact me during business hours with any question from 8:30 AM — 4:30 PM,
Monday through Friday, at 302-855-7878.

Sincerely,

Lo 2

Ms. Lauren DeVore
Planner 111

CC: Andy Wright, Chief Code Official — Building Code
Mike Brady, Director of Public Works — Engineering
John Ashman, Director of Utility Planning - Engineering
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GENERAL CONSTRUCTION NOTES

G-1 CONSTRUCT 4" UPRIGHT CURRB (DELDOT - TYPE 1-4). SEE DETAIL, SHEET C-901.
G-2 INSTALL FULL DEPTH PAVEMENT IN LOCATIONS SHOWN. SEE DETAIL, SHEET C-901.
G-3  INSTALL 8" THICK GRAVEL FILL IN LOCATIONS SHOWN. SEE DETAIL, SHEET C-901, "
G-4 EDGE OF PARKING AND DRIVEWAY PAVING. ' MORG AN
G-5 INSTALL ACCESSIBLE RAMP IN ACCORDANGE WITH THE LATEST ADA STANDARDS (12:1 MAX SLOPE). SEE DETAIL, SHEET _
G R O U P

C-907.
G-6 CONSTRUCT PROPOSED GRAVITY FLOW CONCRETE BATCH PLANT, CONVEYOR SYSTEM, AND ALL ASSOCIATED FOOTINGS

AND OTHER STRUCTURES. SEE ASSQCIATED BATCH PLANT PLANS BY OTHERS.
k G-7 INSTALL CONCRETE BLOCK WALLS TO BE USED FOR MATERIAL STOCKPILES.

BECKER

" G-8 INSTALL PRE-CAST CONCRETE BUMPER BLOCKS. SEE DETAIL, SHEET C-801. !
; G-9 _ CONSTRUCT 4" THICK, §' WIDE CONCRETE SIDEWALK. SEE DETAIL, SHEET C-901. ' ARCHITECTURE
: ! ENGINEERING
HATCH LEGEND : Del
ITEM elaware
N 309 South Governors Avenue
EXISTING GRAVEL AREAS RS Dover, DE 19904
L 302.734.7950
The Tower at STAR Campus
EXISTING CONCRETE AREAS . 160 Discovery Boulevard, Suite 102
\ Newark, DE 19713
PROPOSED GRAVEL AREAS 302.369.3700
Maryland

LANDS N/F
CANNON ROADS FARM TWO, LLC
T.P.: 131-19.00-8.04
DEED REF.; 37983 - 122
ZONING - AlIOZ

312 West Main Street, Suite 300
Salisbury, MD 21801
410.546.9100

North Carolina

3333 Jaeckle Drive, Suite 120i
Wilmington, NC 28403
010.341.7600

www.beckermorgan.com
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' | - ,( - " . —— 7 / ,‘ ___._L—-—-——-'—-‘ i ,’, -
e ' NN oo % DY N T Y 7 CANBSCAPE BUEFER A PR ST ,‘ { N
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= ! — - ISSUE BLOCK
T
e mmm =z e =2 T e
e T T e T
SUSSEX HIGHWAY /USRT13 B e e REVISED PER AGENCY COMMENTS
e SOUTHBOUND LANE - VARYING WIDTH RIGHT OF WAY I B et L E L Lk T SRRt 8. |03/18/22
A bbb — . ————— - e —— I ————
Ty SCR-004 - OTHER PRINCIPAL ARTERIAL . z : 5 03/04/22 | REVISED PER AGENCY COMMENTS
- o : STRUCTION NOTES 4. |ot/31/22|REVISED PER AGENCY COMMENTS
I e e pisal = O nTrirrergre A . —— S— TIIIIIIIIIIIIIITETIIIIIIIITIIE = " R STRIPING & SIGNAGE CONSTR ION 3. |01/28/22 |REVISED PER AGENCY COMMENTS
T  TTm— % I o T e ———— ) T-1 PROPOSED PAINTED STRIPING - 4" SOLID WHITE LINE. REVISED PER AGENCY COMMENTS
A TR T-2 PROPOSED PAINTED STRIPING - 4" SOLID BLUE LINE FOR HANDICAP DEMARCATION. 2. |12/03/21
AT : ] BEREER e % : T-3  PROPOSED PAINTED HANDICAP SYMBOL - BLUE. SEE DETAIL, SHEET C-901. |4 | 07/20/20 | REVISED PER SUSSEX COUNTY
,3_“ J! 3 S N B — T-4 PROPOSED PAINTED HANDICAP BLUE STRIPED HASH AREA (45° HATCHED AREA). e PLANNING &gggg:lgggﬁms
[ —— —_— M B P —_— —— L mmsoe: bt s —— &
_ — 2 _;H: NORTHBOUND LANE ———— g - 1T'g PROPOSED HANDICAP SIGNAGE WITH PROTECZZ?&(ﬁ%iEEHEETﬁgé STHEETMCSS;?:E; R e
#r —os—-eeee = e e e 5 = S ——— 0 -6 PROPOSED 16" WIDE THERMO STOP BAR IN AC LA g .
4 = It z T-7 PROPOSED THERMO "PIANO KEY" PEDESTRIAN CROSSWALK - 24" WIDE SOLID WHITE LINES WITH 24" SPACING IN | PROJECT NO.: 2020112.00
- b ACCORDANCE WITH THE LATEST MUTCD. DATE: 05/20/2020
T-8  INSTALL "STOP" SIGN (R1-1) IN ACCORDANCE WITH THE LATEST "DE MUTCD". REFER TQ DELDOT STANDARD DETAIL T-15 FOR - ‘ 1" = 50°
MORE INFORMATION. | SCALE: =
T-9  INSTALL "RIGHT TURN ONLY" SIGN (R3-5} IN ACCORDANCE WITH THE LATEST "DE MUTCD". REFER TO DELDOT STANDARD | DRAWN BY: J.D.K.|PROJ. MGR.: J.D.R.
DETAIL T-15 FOR MORE INFORMATION. :
v T-10 INSTALL "ONE WAY" SIGN (R6-1) IN ACCORDANCE WITH THE LATEST "DE MUTCD". REFER TQ DELDOT STANDARD DETAIL T-15 : SHEET
o FOR MORE INFORMATION. :
- T-11 RELOCATE EXISTING "YIELD" SIGN [N ACCORDANCE WITH THE LATEST "DE MUTCD", REFER TO DELDOT STANDARD DETAIL C -2 0 1
T-15 FOR MORE INFORMATION. SOPYRIGHT 2020
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BRIDGEVILLE

STORM DRAIN PIPE SCHEDULE Y
Due - : . CONCRETE
PIPE NO.; SIZE PIPE TYPE LENGTH SLOPE | “INV.IN 1INV, OUT __,-_,-—"" / \ .
Sp1Z 15" RCP 17 0.39% 38.24' 38.18" \ ; / P LAN T
l; // . :’
] / /’f
\\ ; - DEVELOPMEN?1
STORM DRAIN MANHOLE SCHEDULE \ - _
H - ot X
MH NO. | RIM EL. DIA. DEPTH INV. IN INV. OUT \ ; P // ’__/---
. ] | 3674 (sD-128) . WY _ PR CB.78A ) AN -
VN ; : BNy ouT: 3708 ) 3 \ Do ! 5 ~
LANDS N/F ha N IR EXISTING _ ~J ™ A [N i 2N AR T
JOE €. & TONI JOHNSON X\ COMMERCIALY, \ AN ~ 7 . / 20354 SUSSEX HIGHWAY
STORM DRAIN PlPE SCHEDU LE T.P.: 131-19.00-5.91 ’ ’ | \\\‘\‘\\\\\ BUILDING 5, § . AP ! . \\ \\ ' 3 /
PoNG -AioZ % IR R AN\ PN \. x NORTHWEST FORK HUNDRED
- i A - ] | . LS, o \\ \\ X \‘ ' “ .
PIPE NO.| SIZE | PIPE TYPE | LENGTH | SLOPE | INV.IN |INV.OUT i1 'R orarerose | / A\ j . “ \ " 4 SUSSEX COUNTY, DE
n 50" 0.25% 37.13' 37.00 P ] ! { “‘ INV. QUT : 37.23" N L ; \\\ | v ‘\ / :
= = = — : : 0 1 2 SIS N, | N / ¢ SHEET TITLE
SD-2A 15" RCP 50' 0.25% 37.13 37.00' ; - - A , y ; . ; \
: = SDA7A ! % "
SD-3A 15" RCP 50 0.25% 37.13 37.00 S {g _ | ALY 2, P UTILITY PLAN
p— (PR OUTLET ) : _/ S : = ,,
SD4A 15" RCP 42 0.25% 37.24' A3 STRUCTURE . ! : :
- GRATE : 39.85' THE GRATE : 39.54 i Al € /
' ’ ' ' . s INV. IN : 37.07 / T A ;
SD-5A 15" RGP 22 0.25% 37.06 37.00 INV. OUT - 37.00° E2T A LIN: 37, ! > 70 ! SROPGSED SWH .
ut : { 2 - F.
SD-6A 18" RCP a0' 0.00% 36.00' 36.00" SD-12A 1 e ) T30] — . \ ® -35' o8 7 Usde1SF) }ge’
: - (PR.C.B.: 11A ) S Te i = 138] — ; \ ,
K n " 259 i L N - N e P 37 M A J
SD-TA 15 RCP 27 0.25% 37.07 37.00 GRATE : 40.01" % : ___ D-8) 1377 T3 . > ) ,
3 64' 0.25% 37.23 37.07 INV.IN . 36.72° Bk 1w . - T oy —
SD'BA 15 RCP C] INV. OUT : 36.72' : % X % A . Spp— T34 |3“: &' B‘B'L' ) . e 36 35 v i -
SD-9A 15" RCP 31" 0.25% 37.08' 37.00' - | alf Tk (18,630 S'F_)“RE‘“- 34 — ! : = P
SD-14A el N - - 135] 8] £ 36 X e
SD-10A | 15" RCP 32 0.25% 37.08' 37.00' PRCE T1ZA ) i g 4 \ SN, ) S 7! SRS v\—%‘* o ‘.
f ' GRATE : 39.84' \ el o '/ 138] =137} — > D-7 o LN { D.T‘\ l/ .
SD"”A 18" RCP 111' 0.00% 36.00 36.00 INV. IN : 36.63" L :39: facatl] » - - LY { N N .
' INV. OUT : 36,63 |~ Xo"-" 20 LANDSCAPE BUFTER e s e —— | § P e . | _ _
SD-12A 18" RCP 56' 0.47% 37.00' 36.74' S D5 )= - =of ﬁq___. L 0 25 50 100
SDA5A <~ \Hms G D A R R O, : < .\ A Dot 08— ;
SD-13A 18" RCP 8 0.25% 36.74' 36.72' AL 2\ Eo oo o e e St s e BN A
P o 3 -5—““"“"""-__-40 gz = 39,85 ot e s 40 e | 0B L i el = - e mmEm T T 777 AJR RELEASE MH, 1k
SD-14A 18" RCP 34 0.25% 36.72' 36.69' s - = ety ——— ) e in = R T e . | e |
X 107 F.M T : : . = - g R C.B.:4A _—____.,...—-'"""-“____”_‘____,__ﬂ—"’—'_—-—’_ i ] ” — ¥
SsD45A | 18" RCP 23 0.25% 36.68' 36.57 SD-16AF - = G e (D b2t e g - L S R | SCALE: 1" =50
SD1GA P ayag T 16.75% 38.61" o4 | / \ PR. S.D. MH.: 10A SUSSEX HIGHWAY / US RT 13 \ PR.C.B.:5A PRCB:9A | \ (PRCE:iA \ PRCB.:2A ) (PR.CB.:3A NV, OUT : 37.24 BGOSR
S T oy 2209 45— YARYING WIDTH RIGHT OF WAY GRATE :39.37 |\~ GRATE:39.3§' [=="""U GRATE : 30.56' - e | boatiesd DA .
u o ' 50’ .00 ' NE LIN:36.74' INV. OUT : 37.08' J--"{UINV. OUT : 37.08' INV, OUT : 3713 . . 13713 ) | INV.IN:37.13 gy
SDATA | TS Rep G 0.09% 5750 70 SOUTHBOUND LANE(p-3 INV.IN : 36,74 SCR-004 - OTHER PRINCIPAL ARTERIAL . y ANV OUT 578 N O amaa e e ——
TNV, OUT : 36.74' ____:"_""'_'3%_5___”"__ ______________ "SI - F T ____'"_'_:::_:__...-—‘—_-:-"_-::::__” e S
CATCH BASIN SCHEDULE A e e : ' = - T REVISED PER AGENCY COMMENTS
- kit _ 6. |03/18/22
T e s Yy — o 38.5 R
- Cyn ] . A e e e e = e
CB NO. |INLET BOX| COVER SLAB | TOP UNIT |FRAME/GRATE |GRATE EL.| iINV.IN INV. OUT I 5. |03/04/22 |REVISED PER AGENCY COMMENTS
1A 34" X 24" N/A TYPE C TYPE 1 39.56' 37.13' (SD-1A} - : , GRATE: 300 v s , 4 |01/31/22 |REVISED PER AGENCY COMMENTS
— REVISED PER AGENCY COMMENTS
2A 34" X 24" N/A TYPEC TYPE 1 39.58" 3713 (SD-24) | __. e — . - — — e - 3. |0o1/28/22
. , e 1 - NORTHBOUNED LAME"'"_"" o STORM SEWER CONSTRUCTION NOTES 2 12/03/24 REVISED PER AGENCY COMMENTS
A X2 N/A TYPEC TYPE 89.7 71T SDAA) | 3713 (D34 mEmTEEEEEEEES i —— D-1  INSTALL STORM DRAIN CATCH BASIN (TYP.). SEE CATCH BASIN SCHEDULE, THIS SHEET, FOR TYPE, SIZE, GRATE, AND
37.24' (SD-4A) B ———— INVERTS 1 07120720 R B s COTMENTS
4A 347X 24 N/A TYPE A TYPE 1 39.51" 24 - ( \ _ ‘ :
A\ ( \ / \ { \ ( \ / \ ( \ \ D-2  INSTALL STORM DRAIN PIPE (TYP.). SEE PIPE SCHEDULE, THIS SHEET, FOR TYPE, SIZE, AND INVERTS. WARK | OATE DESCRIFTION
5A 34" X 24" N/A TYPEC TYPE 1 39.37' 37.08' (SD-54) : D-3 INSTALL STORM DRAIN MANHOLE. SEE MANHOLE SCHEDULE, THIS SHEET, FOR SIZE AND INVERTS. INSTALL COLLAR LAYER STATE Cabt
AROUND MANHOLE PER FIGURE 2-5 OF THE DELDOT UTILITY MANUAL. IF DEPTH IS NOT ACHIEVABLE, DEPTH AND/OR PROJECT NO.: 2020112.00
6A 34" X 24" N/A TYPEC TYPE 1 39.54' 37.07' (SD-8A) | 37.07'(SD-7A) N ADDITIONAL WIDTH TO BE DETERMINED IN FIELD.
e e — 0 ¥ T DATE: 05/20/2020
.y 24" - "S- e - - .\ S — $ —_— = D-4 INSTALL CURB OPENING PER DELDOT STANDARD C-4 (TYP.). .
A wxx WA TYPEC TPl o 3728 (5050 °F °F ¢ oF oF N D-5 INSTALL FLARED END SECTION (TYP.). SIZE AND MATERIAL SHALL MATCH CONNECTION PIPE. SEE UTILITY SCHEDULE FOR — A
y CORRESPONDING PIPE SIZE AND MATERIAL SCALE: 1" =50
BA 34" X 24" N/A TYPEC TYPE 1 39.65' 37.08' (SD-9A) .
: D-6 INSTALL PERSONNEL SAFETY GRATE FOR PIPE INLET. REFER TO DELDOT STANDARD DETAIL D-3, SHEET 2 OF 2, FOR DETAIL. | DRAWNBY: J.D.K.|PROJ. MGR.: J.D.R.
1A .| 48"X48" N/A TYPEC TYPE 1 40.01" 36.72' (SD-13A) | 36.72' (SD-14A) D-7 INSTALL EMBEDDED STONE RIPRAP OUTLET PROTECTION PLACED ON TYPE GS-1 FABRIC (MIRAFI 140N OR EQUAL). SEE . SHEET
. : EROSION SEDIMENT CONTROL DETAILS FOR SPECIFICATIONS, |
12A 66" X 48" N/A TYPEC TYPE 1 39.84' 36.63' (SD-14A) | 36.63' (SD-154) DB INSTALL GABION BASKLT WALL. SEE DETAIL SHEET G.506.
OUTLET 48" X 48" N/A TYPEA TYPE 1 39.85' 37.00° (SD-12A) ‘ ' D-9  INSTALL SWALE AT GRADES AS SHOWN ON THIS PLAN. - C -3 0 1
COPYRIGHT 2020
' F\AutoGAD\Projects\202012020112\DWG\2020112-SITE-C3D18.dwg, Mar 31, 2022 - 4:14pm
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DELAWARE LANDSCAPE ARCHITECTS CERTIFICATION

1, CHAD D. CARTER, RLA, ASLA, HEREBY CERTIFY THAT | AM A
LANDSCAPE ARCHITECT IN THE STATE OF DELAWARE, THAT THE
LANDSCAPING INFORMATION SHOWN HEREON HAS BEEN PREPARED
UNDER MY SUPERVISION AND TO MY BEST KNOWLEDGE AND BELIEF,
REPRESENTS GOOD LANDSCAPING PRACTICES.

CHAD D. CARTER, RLA, ASLA S1-499 DATE

GENERAL LANDSCAPE NOTES:

1. QUALITY AND SIZE OF PLANTS, SPREAD OF ROOTS, AND SIZE OF BALLS SHALL BE IN ACCORDANCE WITH THE
CURRENT STANDARDS OF THE AMERICAN ASSOCIATION OF NURSERYMEN "AMERICAN STANDARDS FOR
NURSERY STOCK."

EVERGREEN TREES SHALL HAVE A FULL, WELL-BRANCHED, CONICAL FORM TYPICAL OF THE SPECIES.

~ ALL DECIDUQUS SHADE TREES SHALL BRANCH A MINIMUM OF 7-0" ABOVE GROUND LEVEL. TREES SHALL BE
R '_E_ET_ANTED AND STAKED IN ACCORDANCE WITH THE DETAIL SHOWN.

PLANT-M_ATERIALS DELIVERED TO THE SITE IN UNCOVERED TRUCKS WILL BE REJECTED.

UNACCEPTABLE-PLANT MATERIALS: MATERIALS WHICH HAVE DAMAGED OR CROOKED LEADERS, DEFORMED
GROWTH HABIT, ABRASIONS OF THE BARK, SUN SCALD, WINDBURN, DISFIGURING NOT COMPLETELY CALLUSED
WILL BE REJECTED. IN ADDITION, TREES HAVING THEIR CENTRAL LEADERS HEADED BACK WILL ALSO BE
REJECTED. PLANTS WITH LOOSE OR CRACKED ROOT BALL OR CONTAINERS WILL. BE REJECTED.

2. ALL'PLANTS SHALL BE PLANTED iN TOPSOIL THAT IS THOROUGHLY WATERED AND TAMPED AS BACKFILLING
PROGRESSES. NOTHING BUT SUITABLE TOPSOIL, FREE OF DRY SOD, STIFF CLAY, LITTER, STONES IN EXCESS OF
ONE (1) INCH DIAMETER, ETC. SHALL BE USED FOR PLANTING.

MULCH FOR PLANTING BEDS SHALL BE SHREDDED HARDWOOD BARK MULCH UNLESS OTHERWISE SPECIFIED ON
THE PLANS AND SHALL HAVE NO LEAVES, YOUNG GREEN GROWTH, BRANCHES, TWIGS, GREATER IN DIAMETER
QF 14", WEEDS, SHAVINGS OR FOREIGN MATERIAL SUCH AS STONES, ETC, SHALL BE MIXED WITH THE MULCH.
ALL SHRUB MASSES SHALL BE PLANTED IN CONTINUOUS MULCHED BEDS WITH A LIGHTLY COMPACTED DEPTH
OF THREE (3) INCHES. ALL CONTAINER PLANTS ARE TO HAVE ROOTS CUT ON FOUR SIDES AND/ OR SPREAD CUT
IN NEW SOIL. MIXTURE.

3. ALL AREAS:NOT STABILIZED IN PAVING OR PLANT MATERIALS SHOULD BE SEEDED AND MULCHED. (SEE EROSION
& SEDIMENT CONTROL PLAN AND NOTES.)

/ 4. i_ANDSbAPE BEDS NOT DEFINED BY CURBS, SIDEWALKS, WALLS OR OTHER STRUCTURES SHALL BE ENCLOSED

BY ALUMINUM EDGING UNLESS CTHERWISE INDICATED,

AREAS DISTURBED BY LANDSCAPE OPERATIONS SHALL BE GRADED TO MATCH EXISTING TOPSOIL AND SEED OR
SOD AS REQUIRED.

B. CONTRACTOR SHALL BE RESPONSIBLE FOR ANY DAMAGE TO UTILITIES AND MAY MAKE MINOR ADJUSTMENTS IN
“\“ $ SPACING AND/OR LOCATION OF PLANT MATERIALS. CONTACTOR TO VERIFY "AS BUILT" LOCATION OF ALL
\ UTILITIES.

NO PLANT, EXCEPT GROUNDCOVERS, SHALL BE WITHIN THREE (3) FEET FROM SIDEWALKS.

¥ \ % 8.

NO TREE SHALE BE PLANTED CLOSER THAN TEN (10} FEET FROM ANY STRUCTURE OR BUILDING.

NO TREE SHALL BE FLANTED WITHIN TEN (10} FEET OF UNDERGROUND UTILITIES OR FIRE HYDRANTS.
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ONLY TREES THAT REACH A HEIGHT AND SIZE AT MATURITY OF SMALL TO MEDIUM SHALL BE PLANTED UNDER
POWER LINES.

11.  THE CONTRACTOR SHALL WATER ALL PLANTS THOROUGHLY TWICE DURING THE FIRST 24-HOUR PERIOD
AFTER PLANTING, AND THEN WEEKLY OR MORE OFTEN, [F NECESSARY, DURING THE FIRST GROWING SEASON,

UNLESS THE OWNER AGREES TO MAINTAIN AND WATER THEM.

12.  TREES TO REMAIN ON-SITE SHALL BE PROTECTED WITH SNOW FENCE DURING CONSTRUCTION (SEE DETAIL).
SNOW FENCING TO BE MAINTAINED DURING CONSTRUCTION BY CONTRACTOR,

13. THE PLANTING PLAN SHALL TAKE PRECEDENCE OVER THE PLANT SCHEDULE SHOULD ANY PLANT QUANTITY
DISCREPANCIES OCCUR,

|~ SUSSEX HIGHWAY / US RT 13
Bl e e e i ———— VARYING WIDTH RIGHT OF WAY -~ - v m e m — o m— s i s m — i

SUSSEX HIGHWAY / US RT 13
VARYING WIDTH RIGHT 0F WAY . o e m— e = =T

14. NO SUBSTITUTIONS SHALL BE MADE WITHOUT APPROVAL OF THE OWNER AND/ OR THE LANDSCAPE ARCHITECT.

15.  ALL NEW TREES SHALL BE GUARANTEED TO SURVIVE FOR ONE FULL YEAR AFTER INSTALLATION (FULL COST).
ALL STAKES AND GUYS SHALL BE REMOVED FROM TREES AND SITE AS EARLY AS THREE (3) MONTHS, BUT NO
LONGER THAN ONE (1) YEAR AFTER PLANTING.
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o GENERAL SITE MAINTENANCE MATRIX
———— NORTHEOUND LANE mwrm——t— R
_ . T i — — — — — — — — — - — — — - — RESOURCE AREA DESCRIPTION SPRING SUMMER FALL WINTER
et e . . TURF GRASS AREAS ARE MAINTAINED LAWN
“““““““““““ LOCATED WITHIN THE OPEN SPACE AND RIGHT OF
( \ ( \ / \ ( \ ( \ / \ ( b \ ( \ ( \ ( \ ( TURF GRASSES | wAY BORDERING THE CURBES AND SIDEWALKS. THE
LEVEL OF MAINTENANCE AT A MINIMUM REQUIRES MID SPRING BEGIN MOWING AS NEEDED FOR { MOWING AS NEEDED REMOVE AND DISPOSE
CUTTINGS DURING THE GROWING SEASON. THE MOWING AS NEEDED DROUGHT UNTIL LATE FALL OF LEAF LITTER
\ \ ‘ \ ‘ CUTTING HEIGHT AND FREQUENCY CAN VARY AND RAINFALL FROM TURFS AREAS,
5E = T == =0k DEPENDING UPON THE QUALITY OF TURF REFERRED. CONSIDERATIONS
- " [ — ¢ —_——a— — = QE— T T T TR M AT A MINIMUM THE TURF SHOULD BE MAINTAINED AT
— OF—— - —— —— —— O — — —— ——Of——— —— —— —— ——0f—— — — ~—— —0E—¢ — e T T TR ¥ °F " AHEIGHT OF NO MORE THAN 4" - 6",
THE MAINTENANCE ORGANIZATION SHALL INSPECT
AND MAINTAIN THESE AREAS AS FREQUENTLY AS
STORMWATER POSSIBLE, BUT AT A MINiIMUM ONCE A SEASON.
PLANT LI ST MANAGEMENT INSPECT FOLLOWING UNUSUAL STORM EVENTS OR MAINTAIN, INSPECT AND | MAINTAIN, INSPECT AND | MAINTAIN, INSPECT AND | MAINTAIN, INSPECT AND
FLOODING. REMOVE ACCUMULATED TRASH, DEBRIS, | REPAIR AS NEEDED. REPAIR AS NEEDED. REPAIR AS NEEDED. REPAIR AS NEEDED.
LEAVES, AND SEDIMENT FROM THE BIOFILTER INLET | MOW REGULARLY TO MOW REGULARLY TO
KEY QUANTITY BOTANICAL NAME COMMON NAME SIZE ROOT REMARKS AND QUTFALL LOCATIONS. KEEP THE FLOW MAINTAIN A DENGE MAINTAIN A DENSE
SEEDING SPREADERS CLEAR AND LEVEL. INSPECT BASINS, STAND, NO LOWER THAN | STAND,
— QUTFALL AND RIP-RAP AREAS FOR DAMAGE. 6" OR TWICE THE NO LOWER THAN 6" OR
#7 .83 ACRES DNREC #7 PERMANENT SEEDING KENTUCKY BLUEGRASS 180 LB/ AC SEED BROADCAST/HYDRO REPLACE STONE AS NEEDED. RESEED BARE OR QUALITY STORM EVENT TWICE THE QUALITY
DAMAGED GRASS AREAS. MOW REGULARLY TO FLOW DEPTH. STORM EVENT FLOW
#126 .76 ACRES ERNST SEED MEX ERNMX-126 RETENTICN BASIN FLOOR MIX — LOW MAINTENANCE 40 LB/ AC SEED BROADCAST/HYDRO MAINTAIN A DENSE STAND. NO LOWER THAN 6" OR DERTH.
#131 .89 ACRES ERNST SEED MIX ERNMX-131 OBL WETLAND MIX 20 LB/ AC SEED BROADCAST/HYDRO TWICE THE QUALITY STORM EVENT FLOW DEPTH.
REMOVE AND PROPERLY DISPOSE OF ALL GRASS
CLIPPINGS TO KEEP ORGANIC MATTER OUT OF THE
1. When hydroseeding is the chosen method of application, the total rate of seed should be increased by 25%. INFILTRATION DEVICE AND MAINTAIN ENOUGH
2. Winter seeding requires 3 fons per acre of straw mulch. VEGETATION TO PREVENT SOIL EROSION FROM
3. All seed shali meet the minimum purity and minimum germination percentages recommended by the Delaware Department of Agriculture. The maximum % of weed seeds shall be in OCCURRING. SEMI-ANNUALLY, REMOVE ANY NEW
accordance with Section 1, Chapter 24, Title 3 of the Delaware Code. VEGETATIVE MATERIAL THAT BEGINS TO GROW IN
4. Cool season species may be planted throughout summer if soil moisture is adequate or seeded area can be irrigated. THE VICINITY OF THE INFILTRATION FACILITY THAT
5. Warm season grasses require a soil temperature of at least 50 degrees in order to gemminate, and will remain dormant until then. MAY DROP LEAF LITTER, FRUITS, ETC. THAT COULD
6. All disturbed areas not denoted on landcape plan shall be permanently stabilized using DNREC #7 seed mix per E&S plans. CLOG THE INFILTRATION DEVICE.
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309 S. Governors Ave.
Dover, DE 19904
Ph. 302.734.7950
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Fax 410.546.5824

Wilmington, NC

3333 Jaeckle Drive, Suite 120
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SHALL BE IN ACCORDANCE WITH LATEST "DEMUTCD" (DELAWARE MANUAL BREAKAWAY POST DETAIL 2. CONCRETE SIDEWALKS SHALL BE CONSTRUCTED
ON UNIFORM TRAFFIC CONTROL DEVICES) MANUAL (LATEST EDITION). w AS PER SPECIFICATIONS. ; SUSSEX COUNTY, DE
| STOP SIGN AND BREAKAWAY POST DETAIL PAVEMENT SECTION DETAIL CONCRETE SIDEWALK | SHEET THLE
| NOSCALE BMG NO.: TS-02R NO SCALE BMG NO. : SW-2A NO SCALE BMG NO. : SW-3C GENERAL
- 12" . | | CONSTRUCTION
| DETAILS
i GREEN — 2" HIGH LETTERING
| _—""| (GREEN) :
| WHITE - 12 _ 12 NOTE: AT
B o FOR POST DETAIL SEE DELDOT STANDARD
) /( N A 4 RESERVED ngs-éh;&%s_rﬁfgw AY SIGNFOSTAND PIN CONCRETE CURB & GUTTER 1 1
18 GREEN 2" HIGH LETTERING PARKING ; (IF REQUIRED - SEE SITE PLAN) , .
: | / = : o
; \ RE S E RVE D‘t (GREEN) ¢ T~ INTERNATIONAL ACCESSIBLE °| 33
: N SIGN BY "SAFETY SIGN CO.", : ACCESSIELE SYMBOL I
:. i \\ Y ) CLEVELAND, OHIO - OR AS B : SEE DETAIL, THIS SHEET — EM
._ E
;. WHITE P ARKI N G 6 5 R“EQUIRED BY LOCAL CODE Al
; N { HE 9 2" SQUARE TUBING | W
. BLUE % E oLF PAINTED STRIPES— 300"
\ 18" ik — -\ { u ISSUE BLOCK
! N\ 2|2 — vayavi P2
/ N g 1" MIN. TO 4" MAX. 24 2|23
f WHITE—Z | g 2-1/2" SQUARE TUBING ' // / L~ 2.0 (24") SPACING 6. |oa/18722 | REVISED PER AGENCY COMMENTS
; 1\ ) % ° 4"1.D. PVC SLEEVE } s ﬂ r'
GREEN-< 6 BLUE 2 L | 5 |03/0a/22 |REVISED PER AGENGY COMMENTS
A 21 > I | ACCESSIBLE PARKING SIGN N T 5 :
n Y 8 i / : (ONE PER SPACE) = g ] B : 4. 01/31/22 |REVISED PER AGENCY COMMENTS
Y \k Y/ Y == § } coNcRETE/PAVEMENT{ 5 ‘,/ ;%EEO‘;‘?S?QETE&SZ HER % & 3. | 01/28/22 |REVISED PER AGENCY COMMENTS
=] = . =l
2" HIGH LETTERING FOR VAN ACCESSIBLE SPACES ONLY *;TLQWQW 81! STONE { - H | SEE DETAIL, THIS SHEET =5 AP o | 12/0a721 |REVISED PER AGENCY COMMENTS
r— o~
(GREEN) | «— 2" DIA. GALVANIZED PIPE WITH CAP. PAINT FINISH |«— 2" DIA, GALVANIZED PIPE WITH CAP. PAINT FINISH )18 ® | b = 1. | 07/2920 | R e e oy
NOTES: | BURIED TO A MINIMUM DEPTH OF 36" NOTES: BURIED TO A MINIMUM DEPTH OF 36" g @ : REVISED PER SUSSEX COUNTY
NOTES: JOIES: 8 2-1/4" SQUARE TUBING MARK | DATE DESCRIPTION
1. THE BOTTOM EDGE OF SIGN SHALL BE A MINIMUM OF 5.0' AND A MAXIMUM OF 7.0' 1. THE BOTTOM EDGE OF SIGN SHALL BE A MINIMUM OF 5.0' AND A MAXIMUM OF 7.0 S| ' | _ e - . i o
ABOVE FINISHED GRADE. CONTRACTOR SHALL INSTALL ONE SIGN PER ACCESSIBLE ABOVE FINISHED GRADE. CONTRACTOR SHALL INSTALL ONE SIGN PER AGCESSIBLE ° Y : 1 ik e : PROJECT NO.: 2020112.00
PARKING SPACE. SIGNS ARE TO BE CENTERED ON STALL WIDTH, FACING PARKING. PARKING SPACE. SIGNS ARE TO BE CENTERED ON STALL WIDTH, FACING PARKING. = NOTE : | | NoTES: o WD (N NOTE:
2. THE SIGN BE INACCORDANCE WITH THE STANDARDS AND SPECIFICATIONS AS 2. THE SIGN BE INACCORDANCE WITH THE STANDARDS AND SPECIFICATIONS AS < SOIL INSTALATION | coNcRETE oR PAVEMENT . PROVIDE ONE SIGN JAL ;: ﬁggifjésésai?:nﬁ:us?:éksggljsn . ‘(ng) nlnﬁj ACCESSIBLE SYMBOL 1. PROVIDE PREFORMED THERMOPLASTIC (90 MIL) ACCESSIBLE SYMBOL STRIPING OF CROSSWALK SHALL BE THERMO DATE: | 05/20/2020
; DEFINED BY THE CURRENT AMERICANS WITH DISABILITIES ACT (ADA) REGULATIONS. DEFINED BY THE CURRENT AMERICANS WITH DISABILITIES ACT (ADA) REGULATIONS. T INSTALLATION PER ACCESSIBLE STALL : sl s i i COLOR: WHITE SYMBOL ON BLUE BACKGROUND. SIZE: 48" X 48". | scaLe: . AS SHOWN
| ACCESSIBLE PARKING SIGN DETAIL ACCESSIBLE PARKING SIGN DETAIL ACCESSIBLE PARKING SIGN & POLE ACCESSIBLE PARKING SPACE PLAN ACCESSIBLE THERMO SYMBOL PEDESTRIAN CROSSWALK DETAIL || orawnBy: JDK.[PROJ. MGR: JDR. |

{ NOSCALE BMG NO.: SW-4CB-VAN NO SCALE BMG NO.: SW-4CR NO SCALE BMG NO.: SW-4D NO SCALE BMG NO.: SW-4B1 NO SCALE : BMG NO.: SW-4E-2 NO SCALE '_ SHEET

C-901

COPYRIGHT 2020
F\AutoCAD\Projects\2020\20201 12ADWGE\2020112-DETAILS-C3D18.dwg, Mar 31, 2022 - 9:21am




Amy Hollis

From: thomaslmoran <thomaslmoran@gmail.com>
Sent: Thursday, January 12, 2023 4:54 PM

To: Planning and Zoning

Subject: FDPN 12789

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

This is a formal request to testify at the February 6 BOA hearing on the above referenced matter. Regards. Tom Moran

Sent from my Verizon, Samsung Galaxy smartphone



Opposition

Exhibit
Amy Hollis
From: ' Deb and Don Angstadt <dangst@verizon.net>
Sent: Sunday, January 15, 2023 3:51 PM
To: Planning and Zoning
Subject: STOP the Concrete Crusher Plant application #12789 FDPN management

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Dear Board,

Please, please, DO NOT allow the special use exemption for the concrete crusher plant on Rt. 13 in
Bridgeville.

Not only would the plant make a mess on the roadway, just like in front of the one in Harrington, it would
be extremely detrimental to our health. The reason an exception is being asked for is because everyone
knows what a health hazard this would be to area residents. The airborne particulates created by the
concrete crusher plant would substantially and adversely affect, our quality of life, our health, including
seniors with lung deficiencies, and cause other breathing problems.

If you have ever driven by the plant in Harrington on a windy day it is a real mess. And when isn'tit a
windy day in Sussex County?!?1? There is a fine dust all over your car. If this plant is allowed to be built
not only would our cars be covered but so would everything else. Ruining our cars finish, our outdoor
furniture and our homes. Not to mention what it would do to the value of our property. The increased
traffic right before the light on Concord Road would cause even more congestion with the new 7-11 truck
stop. Has a traffic impact study been done for that area®?

The residents of Bridgeville are begging you NOT to grant the special use exemption.
Thank you for keeping Bridgeville safe,

Donald and Deborah Angstadt
14 Waterside Dr
Bridgeville



Amy Hollis

From: David K Bailey <dbailey757@cs.com> .

Sent: Tuesday, January 17, 2023 2:59 PM ' ‘L“Ji?ilti(-)n

To: Planning and Zoning Exhibit

Cc: The United States House of Representatives

Subject: Proposed Crusher: Application #12789 FDPN management (Sussex County P&Z/BOA)

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Good afternoon,

I am writing this email to express my objection to the Pending Application #12789, Proposed Crusher
in the local Sussex County area.

Presently, | am a United Sates Veteran residing in the community of Heritage Shores, Bridgeville,
DE. I've been made aware that this Crusher facility is once again on the docket for review.

This concrete facility will require a "Special Use" exemption, because it will handle "hazardous
material", place unhealthy particles into the surrounding community air/environment and ultimately
affect this and the surrounding community's quality of life. This is a 55+ senior community, which has
a large percentage of US Veterans and seniors with aging health issues.

| am not aware of any environmental studies, which have been completed researching the potential
effects of this Concrete Crushing plant on the surrounding communities. Particles of this process will
undoubtedly become airborne and I've become aware that the prevailing winds will directly affect my
community. As Veterans, we have already been exposed to enough toxic and unknown
environmental hazards, which was part of sacrificing our health for the sake of freedom. However,
this potential health and safety sacrifice is Not one which | am willing to accept.

| solidly reject this Re-Application for Special Use of a Concrete Crusher facility in this surrounding
area. Data has Not supported it's use as being safe. Perhaps, the location of a Rural area has made it
more appealing for a company to apply for construction of this type of site. This is a poor excuse and
expect more comments against this site to follow!

Sincerely,

David Bailey, USN Retired
Heritage Shores Community
Bridgeville, DE 19933
dbailey757@cs.com
(219)-741-2122 Cell



Amy Hollis

From: Skip <fibeall@verizon.net> ;;Jposi'ti()ﬂ
Sent: Tuesday, January 17, 2023 7:29 PM Exhibit
To: Planning and Zoning

Subject: Application management #12789FDPN - Conrete Crusher Plant

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognhize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

To whom it may concern;

My email is in regards to the special use exemption application under Application Management
#12789FDPN. | wish to express my vigorous disagreement with the installation of a concrete crusher
plant in Sussex County, Delaware. This "crusher" requires a special use exemption because it will
generate and emit hazardous dust and debris. If it did not, then the applicant would not be applying
for a special use exemption. So, by this very process, this plant is a hazard to our community and to
the health of the citizens in a wide area.

The Heritage Shores community is a senior citizen community and a large number of our elderly
citizens already suffer from health issues that should not be aggravated by the resulting dust and
debris that will be generated by this plant. You are undoubtedly aware of the hazardous contents of
concrete and its debris such as asbestos, petroleum products and lead. Crystalline silica, a byproduct
of crushing concrete, is a known carcinogen per the International Association of Cancer Registries,
(IACR) and is considered to be hazardous materials by OSHA and NIOSH. This plant will
substantially and adversely affect the quality of life and health, especially of those community citizens
with COPD and other respiratory ilinesses. Pursuant to the Sussex County Code, Section 115-111
your Board has an obligation to protect the health and welfare of the citizens of Sussex County. I'm
curious, has an environmental impact statement been generated for this project? If so, | would like to
review the findings. What effect will this plant have on the air and local ground water? Has a storm
water management plan been submitted by the applicant? | would like to review it. What traffic
studies have been completed to determine the impact of the large trucks that will be delivering and
removing the concrete and its resulting debris? | would like to review any traffic impact study. Has a
sediment and erosion control plan been submitted? If not, will it be submitted?

In short, as a tax paying citizen of Sussex County, Delaware | oppose the approval of any
special use exemptions for a concrete crusher plant in my county. You need to remember that you
are working on behalf of the citizens of the county. Our health and well being should be your #1
priority. As such, | implore you to deny the applicant's request under Application Management
#12789FDPN. Please vote NO on the CRUSHER!

Thank you;
Francis J.Beall

60 Ruddy Duck Lane
Bridgeville, DE 19933



Amy Hollis

From: Julia Beall <jchbeall@gmail.com>

Sent: Wednesday, January 18, 2023 2:03 PM A T -
To: Planning and Zoning ""p_pos,lt_lm
Subject: Special Use Exemption #12789FDPN Exhibit

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

To whom it may concern;

| am a resident of the Heritage Shoes community in Sussex County, DE. | am against the
installation of a concrete crusher plant near our community. This "crusher" requires a special use
exemption because it will generate and emit hazardous dust and debris. The plant is a hazard to our

community and to the health of the citizens in a wide area. You are undoubtedly aware of the
hazardous contents of concrete and its debris such as asbestos, petroleum products and
lead. Crystalline silica, a byproduct of crushing concrete, is a known carcinogen per the
International Association of Cancer Registries, (IACR) and is considered to be hazardous
materials by OSHA and NIOSH. This plant will substantially and adversely affect the
quality of life and health, especially of those community citizens with COPD and other
respiratory illnesses. It will also negatively affect the property values of residents of
Heritage Shores & make it a less attractive community to move to.

Pursuant to the Sussex County Code, Section 115-111 your Board has an obligation to
protect the health and welfare of the citizens of Sussex County. You are working on behalf
of the citizens of the county. The health & well being should be your #1 priority. Please
vote NO on the crusher.

Thank you;

Julia H. Beall
60 Ruddy Duck Lane
Bridgeville, DE 19933

Sent from my iPhone



Amy Hollis

From: ' Dennis Brancaccio <dt.brancaccio@gmail.com>

Sent: Tuesday, January 17, 2023 2:08 PM : ot
To: Planning and Zoning Opposition
Subject: February 6 Hearing FDPN 12789 Exhibit

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless
you recognize the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Planning and Zoning Board,

I am writing because of the pending concrete and crusher plant in our neighborhood. | retired to Delaware in 2017 and
picked this area because of its rural nature, small town, rolling farmland, and clean fresh air and water. After living in
Vermont for over 30 years, | was looking for a place that reflected the values that are important to me. | investigated
several areas along the eastern coast seeking such a place and found that Bridgeville met these qualifications. At that
time Bridgeville offered fresh air and water in a quiet, peaceful environment.

After working 50 years in a social services industry, | was looking forward to moving here because | believed Bridgeville
held similar values. For me the major draw to this area is the natural beauty, abundance of wildlife, and clean air
without noise and air pollution.

The crusher threatens my health along with the health of the other residents particularly those with respiratory issues
and other health risks. Of particular concern is the near constant wind and how this will factor into the hazardous nature

of this industry.

At some point this land may have been viewed as a good spot for this plant but we are now a residential community and
must think about the impact on our citizens.

What family would want their loved ones living in close proximity to a concrete crusher? How would this affect local
farmers and their livestock? Dust and pollution will be carried by the winds and potentially pollute our water systems.

I am asking the planning board to vote no on this project.

Sincerely,
Dennis Brancaccio

Sent from my iPad



Opposition

Exhibit
Amy Hollis
From: Kathy Brancaccio <kathy.brancaccio@gmail.com>
Sent: Tuesday, January 17, 2023 1:41 PM
To: Planning and Zoning
Subject: February 6 hearing FDPN 12789

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless
you recognize the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

To Whom It May Concern:
I moved here from Vermont anticipating a certain quality of life. Some of the similarities between Bridgeville and
Vermont include the slower pace of life in a rural area with surrounding farmlands. | did not move to this town

expecting to be in close proximity of a plant that manufactures materials that may be hazardous to the well being of the
residents.

Many of our residents in Heritage Shores have respiratory issues and other health risks that will be adversely affected by
this project. I am particularly concerned because we live in a town that is windy for much of the year.

Another concern is the noise pollution and how that will affect the residents and the visitors of our town who enjoy
coming here to play golf.

The people of Heritage Shores are also concerned about the market value of our homes. What will be the financial
impact for residents? | believe most of us agree this plant will adversely affect the sale of future homes in our
community.

| hope you will do the right thing to protect our citizens and our town’s resources.
Sincerely,

Kathleen Brancaccio



Amy Hollis

From: Rosanne <wmaven28@gmail.com>

Sent: Saturc.:lay, January.28, 2023 12:41 PM o 1‘_‘;1“)(A)Slti0'i“-
To: Planning and Zoning r_,’\( hibit
Cc: Tom Moran —libleds
Subject: Case No. 12789

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

| am emphatically opposed and urge the Board of Adjustments to deny the application for Case No. 12789 — FDPN
Management, LLC seeks a special use exception for a potentially hazardous use (Concrete crusher to support the
manufacturing and recycling associated with a concrete batch cement business proposed for locating on 20354 Sussex
Highway. Parcel; 131-19.00-5.00

Constructing a concrete crushing, cement producing, heavy and hazardous industry right on our major highway, on the
doorstep of a burgeoning, vibrant residential planned community and the local, well established residential area is
horrifying. How does that make sense??

Why not turn that property into a business that would be welcomed by and supportive of the community? Imagine what
a business like Wegman's or a Trader Joe's could do for the Sussex Highway corridor in terms of economic growth. It
could be the springhoard for a true economic renaissance in our area. Don't we want people to visit, shop and have a
pleasant experience here? Be proud to live and work here?

Isn't it in our best interest to create a community of businesses, restaurants, novel forms of entertainment and
educational experiences that mesh with the laid-back, rural, agricultural, proud heritage of our community? We should
be attracting unique businesses, promoting and strongly supporting our hard-working existing businesses and especially
the agricultural backbone of our area.

Promoting interesting, unique, pleasant experiences for visitors, investors, current and new residents spurs economic
growth. Conversely, permitting a hazardous, heavy industry to establish itself on the main highway to our town is an
economic death knell for our community. It will surely stifle any economic growth, and brand our area as a pariah, a
place to be avoided.

Bridgeville would have to update it's welcome sign to read "If you lived here, you would be covered in toxic dust, sick
and dying, coughing, sneezing and gasping for air".

A cement and concrete crushing operation may be an essential business in support of the construction industry,
however, it is not imperative that it be established in direct proximity to a well-established residential community.

Reject the FDPN Management LLC application for Special Use Exemption.

Best regards,

Rosanne Cholewinski
90 Emily's Pintail Dr.
Bridgeville, DE 19933



Amy Hollis

From: Philip Clark <pclarkp@verizon.net> N i
Sent: Saturday, January 14, 2023 2:41 PM "JMJOSW_‘OH
To: Planning and Zoning Exhibit
Cc: Tom Moran

Subject: Application #12789 FDPN Management

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

| am a resident of the Heritage Shores Development in Bridgeville. My neighbors and |
are genuinely concerned about the Zoning Changes/Special use Exemption requested
that will allow a concrete crusher plant to be constructed so close to our homes. We
are strongly opposed to it ever happening. These types of facilities are known health
hazards in terms of air quality. The hazardous materials involved will substantially and
adversely affect quality of life and our health, especially for seniors with COPD and
other ailments. There are additional concerns involving water runoff polluting the
surrounding area, noise pollution, hours of operation and the major impact it will have
on traffic on Route 13. The road already sees heavy truck and other vehicle

traffic. How will this proposal impact safety and the State's ability to maintain the
road? What changes would be needed to the roadway, what will they cost and who
will pay for them? Finally, we are concerned with the overall impact on the value of our

homes.

| must stress that this facility is only about a quarter mile from Heritage Shores. With
the constant prevailing winds in this area, there is no doubt that we will be directly
affected. We understand you approved this property for heavy industrial use
previously. We were not informed! Then a couple years ago you approved the basic
concrete plant, again, we were not informed or aware despite the known impact on us
given all the studies done around the country on other such facilities. Now they want to
install a concrete crusher further exasperating our concerns.

The bottom line is that, if approved, this operation will be detrimental to our health and
our quality of life. Please rule in line with the Sussex County Comprehensive plan so
this facility “does not have a negative impact on the surrounding area or the County in

general.”

| request that | be able to attend and potentially speak at the Planning and Zoning
Commission meeting scheduled for February 6. | am certain there are many other
members of this and other nearby communities that would like our voices heard and

our concerns placed in the record.

Thank You,



Philip Clark
302-519-1705



Amy Hollis

From: webmaster@sussexcountyde.gov on behalf of James Stephen Cleghorn via Sussex
County <webmaster@sussexcountyde.gov>
Sent: Saturday, January 14, 2023 8:15 PM
To: Planning and Zoning
Subject: Submission from: Planning & Zoning Commission contact form
RECIPIENTS: Jamie Whitehouse (]p;f)DSitiOﬂ
Exhibit

Submitted on Saturday, January 14, 2023 - 8:15pm

Name: James Stephen Cleghorn

Email address: jstephencleghorn@yahoo.com Phone number: 8149326761

Subject: No to concrete crusher near Heritage Shores

Message: Regarding docket number 12789 for a meeting to discuss an exemption that would allow the building of a
concrete crusher on the parcel of land 131-19.00-5.00, | want to register my disapproval of the exemption and urge you
not to allow this use in such close proximity to Heritage Shores, where | live. . My 76-year old spouse suffers from COPD
and can ill afford more dangerous particulate matter in the air and getting into her lungs. | am sure she is not the only
senior in this community that could be adversely affected by this proposed crusher. Please find another place for it.



Amy Hollis

From: webmaster@sussexcountyde.gov on behalf of Judith Cullen via Sussex County
<webmaster@sussexcountyde.gov>

Sent: Sunday, January 15, 2023 9:54 AM

To: Planning and Zoning

Subject: Submission from: Planning & Zoning Commission contact form

RECIPIENTS: Jamie Whitehouse B
Opposition
Submitted on Sunday, January 15, 2023 - 9:53am E}(hj'@it

Name: Judith Cullen

Email address: jlcullen14@gmail.com

Phone number: 3023812393

Subject: Concrete crusher

Message: As a lifetime citizen of Sussex County living in Bridgeville, | am writing to request denial of the application
before you for a concrete crusher which would be close to Heritage Shores, a community of senior citizens. My reason
for this request is that this plant would adversely and substantially affect the quality of life and health of nearby seniors.
This in addition to the potential for a decreased market value of our homes makes your decision highly concerning to
our community. We beg you to please take our health and welfare into consideration when you make this decision.



Amy HoIIis_

== === =2
From: Boe Daley <bojangles21@comcast.net> L
Sent: Saturday, January 28, 2023 8:50 PM Jpposition
To: Planning and Zoning Exhibit
Subject: Concrete crushing co. in Bridgeville

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Concrete crushing, as you well know, creates silica dust can lead to serious (even
fatal) lung issues and does not belong near any housing areas. Would you want this
anywhere near where you live? Please deny case # 12789. Thank you, Boe Daley
(Selbyville)



Amy Hollis

From: Peggy Del Fuoco <pdelfuoco@yahoo.com>

Sent: Tuesday, January 17, 2023 2:38 PM .
To: Planning and Zoning ‘.:)[_)I;JUSltIO[‘l
Subject: Application #12789 FDPN management Exhibit

CAUTION: This email ariginated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Vote No to Concrete Crusher in Bridgeville, Delaware.

To Whom It May Concern:

In addition to all of the air and land contaminates identified from a concrete crusher, | am sure that the crusher
contaminates would also add to the existing concerns of our sub-par drinking water. This is a very serious health issue.
The community should not be subject to known contaminates that will affect the health and wellness of our residents.

Sincerely,

Peggy Del Fuoco

61 Whistling Duck Drive
Bridgeville, Delaware
(Heritage Shores resident)

Sent from Yahoo Mail on Android




Amy Hollis

From: Tony <ajmdixon1@comcast.net>

Sent: Wednesday, January 25, 2023 11:.00 AM

To: Planning and Zoning

Subject: Crusher 8]5 ‘;,"iC}SitiOi'l
Categories: Amy ';Xhl.b!t‘

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

CONCRETE CRUSHER 1/25/2023

To whom it may concern,

We understand that FDPN Management is applying for a special use exemption to operate a concrete crusher in
Bridgeville, Delaware. My wife and | have lived in the senior community of Heritage Shores within the town of
Bridgeville for many years. We would like to express our opposition to the approval of application #12789 FDPN for the

following reasons:

1) The special use exemption is only necessary because hazardous materialswill be involved in this operation. This
would adversely and substantially effect the quality of life and health of seniors with COPD as well as those with many

other health risks.

2) Residents who have moved and continue to move to Bridgeville knew theywere moving to a rural farming area. We

did not move here to be neighbors with a hazardous material producing operation.

3) If this operation is approved it could significantly affect the value of our homes, and as a result have an extreme
financial impact on the town of Bridgeville. Over at least the past 10 years Bridgeville Township has worked tirelessly to
protect itself from financial ruin. This crusher operation would have an adverse effect on the progress that the town has

made in this regard.

4) Heavy truck traffic would increase on Rt. 13. The main entrance and exit to the Heritage Shores community is on Rt.
13. These heavy trucks are not able to stop on a dime and would significantly increase the chance of serious accidents at

this entrance and exit.

For the reasons listed, as well as many others, we respectfully request that you DO NOT approve Application #12789
FDPN.

Thank you for your consideration.

Thank you,



Anthony Dixon
Kathleen Dixon



Amy Hollis

From: jidura@aol.com 2BPesition
Sent: Saturday, January 21, 2023 2:44 PM EXRIPIE
To: Planning and Zoning

Subject: Application #12789 by FDPN Mgmt for a special use exemption

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

These are my comments for the Board of Adjustment meeting on Feb.6.2023, to consider the application #12789 by
FDPN mgmt for a special use exemption to install a concrete crusher.

| am opposed to granting this exemption based on the health risks to the surrounding communities, which | will detail in
this email.

It is a well known fact that crushing concrete (as well as stone, and many other materials) releases silica dust (respiratory
crystalline silica). According to the Cancer Council of Australia, in discussing the health risks of exposure to silica dust
and specifically addressing the recommended limits of exposure of the American Conference of Governmental Industrial
Hygienists, they state unequivocally that "there is no evidence to support a safe level of silica dust exposure." Not only
that but they also sate that not even well fitting Respiratory Protective Equipment (RPE) can prevent all silica dust from
being breathed in.

Furthermore, the Minnesota Department of Health investigated ambient atmospheric exposure to respiratory crystalline
silica dust in the vicinityof silica dust producing industrial sites. They established that prolonged non-occupational (that is,
environmental) exposure to even very low levels of respiratory crystalline silica dust carries significant health risks,
especially to sensitive sub-populations of the general public (e.g., senior citizens, or medically compromised individuals,
etc.). These risks include, according to the CDC, NIOSH and OSHA, not only silicosis, which causes extensive and non-
treatable damage to the lungs which for many sufferers requires lung transplants, but also lung cancer, tuberculosis,
chronic obstructive pulmonary disease (COPD) and even renal, or kidney, cancer as well as several autoimmune
diseases.

It is thus clear that the location of a concrete crushing facility in near proximity to a densely populated retirement
community would have substantial adverse health effect on well over a thousand senior citizens in the Heritage Shores
development alone, not to mention the other communities in the close vicinity of the proposed crushing plant, all of them
citizens of Sussex County.

Given the long-term, debilitating and intractable nature of these directly attributable health effects, this would most likely
entail significant expenditures of Federal and State funds in the form of Medicaid relief, none of which can be construed
as in the public interest or the good of society.

| will state that | am a disabled veteran, and that my wife and | hoth have health complications, as do many of our local
friends and neighbors.

Respectfully submitted for your consideration by:
John Dura

10 Amandas Teal Dr.
Bridgeville, DE 19933



Amy Hollis

From: Jack Gibson <jgibson06@comcast.net>

Sent: Monday, January 16, 2023 7:12 PM -WL‘JDOSitiOn
To: Planning and Zoning - Exhibit '
Subject: Proposed Crusher Exemption FDPN#12789 EXNIDIL

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

| am writing this as a concerned citizen of
Sussex County in opposition to the proposed
special use exemption, FDPN #12789, for a
concrete crusher to be located just south of
the Heritage Shores entrance. | and my wife
currently live in Heritage Shores, Bridgeville.
This is a 55 and older community of mostly
retirees that have found a peaceful area in
southern Delaware away from the hustle
bustle of city life that they had to endure for
most of their working lives. There are currently
over 2000 residents in Heritage Shores, with
more houses being built as | write this. This
area has been very attractive to retirees, with
its low taxes, moderate climate, friendly and

1



kind residents, close proximity to the beach,
and other recreational activities. This crusher,
which requires a special use exemption because
it will handle "hazardous material”, would
substantially and adversely affect quality of life
and health, including seniors with COPD and
other health risks, and market values. Were this
not the case, there would be no need to grant
"a special use exemption”.

My question is : “why this location”. There is
certainly enough land in Delaware away from
populated areas. Also, If there is motivation to
use this property as a business, why this
particular business?

Respectfully,
Jack Gibson
68 Emilys Pintail Dr



Bridgeville, DE, 19933
302-228-5567






Opposition

Exhibit
Amy Hollis
From: Marge Gibson <margegibson@comcast.net>
Sent: Monday, January 16, 2023 7:12 PM
To: Planning and Zoning
Subject: Environmental Impact Assessment (EIA) Concrete Crusher FDPN @12789

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Greetings,

| am writing this as a concerned citizen of
Sussex County/Heritage Shores to request
more information on the proposed special use
exemption, FDPN #12789, for a concrete
crusher to be located just south of the Heritage
Shores entrance. Considering the numerous
negative environmental impacts this industry
will produce, I’'m certain you, as responsible
county leaders, have requested a formal
Environmental Impact Assessment (EIA). |
would like to read the results of that EIA. Can
you tell me where | can find this document?



I’m sure you realize that while the design
engineer can determine the need for an EIA,
however, the government can also require this
as assessment to comply with local or federal
laws and regulations. YOU ARE OUR
GOVERNMENT, AND | ASSUME YOU HAVE
REQUIRED THE EIA.

| expect all factors have been considered
including impacts to:

e Traffic

e Air Quality

e Water Quality

e Noise Levels

e Human Health and Welfare

e \Vegetation and Crops

e Wildlife and farm animals

e Dust settlement on Solar Panels

e Socio-economic and cultural



| look forward to reading this EIA and ask that a
copy be made available at the local library for

public use.

Yours truly,

Marge Gibson

68 Emily Pintail Dr.
Bridgeville, DE
320-265-9566






Amy Hollis

From: Lana Green <Irgreen@comcast.net>

Sent: Wednesday, January 25, 2023 5:23 PM

To: Planning and Zoning "’,"(_)DOSitiOn
Subject: Concrete Crusher E)(hlbit
Attachments: CONCRETE CRUSHER 1-2.docx

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless
you recognize the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Attached please find a letter from me
Thank you for your attention to this matter

Lana Green






CONCRETE CRUSHER 1/23/2023
To whom it may concern,

We understand that FDPN Management is applying for a special use exemption
to operate a concrete crusher in Bridgeville, Delaware. My wife and | have lived
in the senior community of Heritage Shores within the town of Bridgeville for the
last 10 years. We would like to express our opposition to the approval of
application #12789 FDPN for the following reasons:

1) The special use exemption is only necessary because hazardous materials

will be involved in this operation. This would adversely and substantially effect
the quality of life and health of seniors with COPD as well as those with many

other health risks.

2) Residents who have moved and continue to move to Bridgeville knew they
were moving to a rural farming area. We did not move here to be neighbors with
a hazardous material producing operation.

3) If this operation is approved it could significantly affect the value of our homes,
and as a result have an extreme financial impact on the town of Bridgeville. Over
at least the past 10 years Bridgeville Township has worked tirelessly to protect
itself from financial ruin. This crusher operation would have an adverse effect on
the progress that the town has made in this regard.

4) Heavy truck traffic would increase on Rt. 13. The main entrance and exit to
the Heritage Shores community is on Rt. 13. These heavy trucks are not able to
stop on a dime and would significantly increase the chance of serious accidents
at this entrance and exit.

For the reasons listed, as well as many others, we respectfully request that you
DO NOT approve Application #12789 FDPN.

Thank you for your consideration.
Lana Green

30 Champions Dr
Bridgeville, DE 19933






RECEIVED f)ppogit_ion
January 18, 2023 Exhibit
’ JAN 20 2023

SUSSEX COUNTY

LANNING & ZONING
Dear Sirs and Madams, d

| am opposed to the Concrete crusher. | live in Heritage Shores in Bridgeville. This thing
will be in my back yard. This will substantially and adversely effect my quality of life,
health, market values; in addition to the overall air quality, an increase in traffic,
pollinating vegetation, unnecessary noise and impact the climate.

Harrington is 14 miles away from my home, there is a Crusher there. If this facility is
approved | will be sandwiched between two such facilities. | will be subject to the
problem due to the pollutants from the north and south. | have to ask, Are y'all trying to
kill me or financially ruin me, or both? And what about the Climate?

These stone crushers give rise to substantial quantity of fine fugitive dust emissions
which create health hazards to the surrounding population by way of causing respiratory
diseases. The dust also adversely affects visibility, reduces growth of vegetation and
hampers aesthetics of the area.

During the transportation of the stones fugitive dust emission occur due to movement of
heavy vehicles. Then again when transferring from truck to facility. Then again during
the processing.

The major source of dust is generated during size reduction and other various stages.
The source of dust generation is during the various stages of handling of stones.

The coarser part of the dust settles down within the premises but the finer particles get
airborne and get carried away to farther distances.

Some of the dust emissions settle within the premises but substantial particles are
airborne and are carried by wind currents. And don’t forget the dusk from transportation
and various handling.

Dust emissions affect the climate, human health and vegetation. When the total amount
of particulates in the atmosphere increases, particulates may absorb incoming solar
radiation, causing an increase in the atmospheric and land surface temperature. The
effect is expensive to remove deposited particulates which damages vegetation by
preventing them from photo synthesis. The physical properties of atmospheric
particulates affect human health either by allowing penetration of the lung and causing
irritation to the internal membrane, or by transporting absorbed toxic gases and vapors
deeper into the lung than they would normally travel,

There are a number of sources from which high noise level are generated, some
continuously and some intermittently. The vibratory screen is the most predominant



source of continuous noise. Especially vibratory screens are operated at higher
frequency and without enclosures can give rise to abnormally high noise levels.
Intermittent noise level is also generated at the crusher during the time of the breaking
of stones. Intermittent noise is also generated during un-loading and loading operations.
Belt conveyor movement is also a source of continuous noise.

Some percentage of the fugitive dust emissions may get settled down within the unit
premises it self, but a substantial percentage of airborne emissions are carried away to
the surroundings by wind currents. Dust that settles within the plant gets air borne again
due to vehicular movement or by wind and acts as a secondary emission source. Dust
settled over the equipments may cause rapid wear and tear of the rotating parts and
may lead to frequent breakdowns and higher maintenance c

Dust emissions affect the climate, damage the material, human health and vegetation.
When the total amount of particulates in the atmosphere increases, particulates may
absorb incoming solar radiation, causing an increase in the atmospheric and land
surface temperature. The effect is expensive to remove deposited particulates which
damages vegetation by preventing them from photo synthesis. The physical properties
of atmospheric particulates affect human health either by allowing penetration of the
lung and causing irritation to the internal membrane, or by transporting absorbed toxic
gases and vapors deeper into the lung than they would normally.

The demographics in Sussex County has changed drastically since the last zoning. The
need for reassessment of the current zoning is needed, with a specific interest in growth
and population and the climate.

Please vote no on the Crusher also consider rezoning.

Bridgeville



Jpposition

. Exhibit
Amy Hollis
From: Richard Grinnell <grinnellrichard@yahoo.com>
Sent: Monday, January 16, 2023 4:05 PM
To: Planning and Zoning
Subject: Letter of objection to Board of Adjustments application #12789

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless
you recognize the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

Dear Commission Members,

| am writing to voice my strong disagreement with the petition for exemption for application #12789
submitted to build a concrete crusher facility next to Heritage Shores, the retirement community | live it.

| am just one of many in this community suffering from chronic conditions which cause breathing problems.
The constant noise and vibration from the crushing operation could cause serious disruptions to our daily
lives, but /| am most concerned about the potential negative impact of any dust from the facility. Some of us
are able to live a decent life with our health problems under the current environmental conditions. | fear a
Concrete Crushing facility right next to our community may be the thing that creates an environment
detrimental to our quality of life.

While | understand that a company may want to be near construction areas, the location of this facility so
close to a retirement community is completely unacceptable. Our seniors deserve to live in peace and quiet
and to have a safe and healthy environment to spend their golden years in. They should not have to bear the
burden of this facility's negative effects. | implore you...Don't trade my quality of life for someone else's

convenience.

I strongly urge the County Commission to deny this petition for exemption and to consider the best interests
of our senior citizens when making any future decisions regarding the development of the community.

Sincerely,

fihed furts

Richard Grinnell

17 Whistling Duck Dr
Bridgeville, DE 19933
grinnellrichard@yahoo.com
479-981-9246




Amy Hollis

From: webmaster@sussexcountyde.gov on behalf of Margaret Hutton via Sussex County
<webmaster@sussexcountyde.gov>

Sent: Wednesday, January 18, 2023 9:28 AM

To: Amy Hollis

Subject: Submission from: Board of Adjustment contact form

RECIPIENTS: Ann Lepore, Jamie Whitehouse, Amy Hollis, Ashley Paugh

)pposition
Exhibit

Submitted on Wednesday, January 18, 2023 - 9:28am

Name: Margaret Hutton

Email address: hutmarge@aaol.com

Phone number: 3029560616

Subject: Concrete Crusher plant on 13 in Bridgeville

Message:

My husband and | moved to Heritage Shores because it was a quiet safe community, we are both 77 years old, my
husband has COPD and prostate cancer. | can not believe that the county would even entertain the thought of allowing
such a dangerous plant right next door to a retirement county it is absolutely outrageous.

I’'m hoping that this committee uses common sense for this decision.

Margaret and Bruce Hutton

56 Emilys Pintail Drive

Bridgeville, De 19933



Amy Hollis

From: webmaster@sussexcountyde.gov on behalf of John Jablonski via Sussex County
<webmaster@sussexcountyde.gov>

Sent: Monday, January 23, 2023 12:41 PM

To: Planning and Zoning

Subject: Submission from: Planning & Zoning Commission contact form

RECIPIENTS: Jamie Whitehouse =

Submitted on Monday, January 23, 2023 - 12:40pm Exhibit

Name: John Jablonski

Email address: jaboandpat@gmail.com

Phone number: 860-841-7004

Subject: Docket #12789, land parcel 131-19:00-5:00

Message: As a 69 year old resident of Heritage Shores with moderate asthma, |, and my wife Patricia, object to the
special use exception to operate a concrete plant and crusher at this site. The reason we moved to Sussex County was to
enjoy a healthy and active lifestyle in our retirement years and Heritage Shores and the surrounding area has provided
us that opportunity. | fear that the approval of this exception will significantly alter our health while negatively impacting
the wildlife, agriculture, and environment of our area. As full time residents and tax payers of Bridgeville and Sussex
County, this is where we want to live and unfortunately an environment hazard such as proposed would force us to look
elsewhere. Thank You for your time and consideration. John and Patricia Jablonski, 34 Waterside Drive, Bridgeville.



Amy Hollis

From: webmaster@sussexcountyde.gov on behalf of Walter W Jaron via Sussex County
<webmaster@sussexcountyde.gov>
Sent: Saturday, January 14, 2023 1:57 PM
To: Planning and Zoning
Subject: Submission from: Planning & Zoning Commission contact form
RECIPIENTS: Jamie Whitehouse Jp 'QOS'IUOF"
Exhibit

Submitted on Saturday, January 14, 2023 - 1:57pm

Name: Walter W Jaron

Email address: wwjaron@gmail.com

Phone number: 4105446587

Subject: Special Use Exemption for docket #12789

Message:
Please consider my objection to any consideration to approve the Special Use Exemption for docket #12789 on land

parcel 131-19.00-5.00. | am a resident of Heritage Shores, a +55 aged community, less then 1,500 feet from the
proposed concert crusher. Being 70 years old the approval of this exemption will adversely affect my quality of life and
substantially affect my ability to continue to enjoy many outside activities (like walking, running, and golf, just to name a

few).

Please consider the life threatening situation that will occur if you approve this application with over 800 homes, all with
+55 occupants, so close to this facility.

Approval should not be granted for this exemption. Peoples lives are in danger if approved.



Amy Hollis

From: Planning and Zoning

Sent: Friday, January 20, 2023 2:41 PM

To: Amy Hollis

Subject: FW: Application #12789 FDPN Management

From: Kathleen Johnson <kjohnson82211@gmail.com>
Sent: Friday, January 20, 2023 2:14 PM BB, . s
To: Planning and Zoning <pandz@sussexcountyde.gov> \jppOSN'lOﬁ
Subject: Application #12789 FDPN Management Exhibit

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

VOTE NO to Concrete Crusher in Bridgeville!

Ladies and Gentlemen,

Concrete crushing operations are known to produce high levels of dust containing known hazardous particulates
including crystalline silica, a known human carcinogen that causes a lung condition known as Silicosis. Such an operation
would have a significant detrimental impact on the health of residents in Heritage Shores which is a +55 Community as
well as the Bridgeville Community.

Do you honestly believe an operation like this protects the residents of the county as well as its waterways from harmful
effects of air or water pollution of ANY type. The crushing process requires a great deal of water for possible dust
control. How will this water be collected, maintained in order to protect the environment? Concrete has a high
alkalinity. How will ground water and aquifer be protected?

Please do the right and prudent thing and protect the county's natural resources as well as its citizens and VOTE NO on
the CRUSHER!

Thank You!

Kathleen Johnson

20 Whistling Duck Drive
Bridgeville, DE 19933



Amy Hollis

From: Planning and Zoning

Sent: Friday, January 20, 2023 2:41 PM

To: Amy Hollis

Subject: FW: Application #12789 FDPN Management

From: B.Johnson <imagepro54@gmail.com>

Sent: Friday, January 20, 2023 2:30 PM

To: Planning and Zoning <pandz@sussexcountyde.gov> Qm)OSitiOﬂ
Subject: Application #12789 FDPN Management E."}(h'\bit

CAUTION: This email originated from outside of the organization. Do not click links, open attachments, or reply unless you recognize
the sender and know the content is safe. Contact the IT Helpdesk if you need assistance.

VOTE NO to Concrete Crusher in Bridgeville!
Ladies and Gentlemen,

Concrete crushing operations are known to produce high levels of dust containing known hazardous particulates
including crystalline silica, a known human carcinogen that causes a lung condition known as Silicosis. Such an operation
would have a significant detrimental impact on the health of residents in Heritage Shores which is a +55 Community as
well as the Bridgeville Community.

Do you honestly believe an operation like this protects the residents of the county as well as its waterways from harmful
effects of air or water pollution of ANY type. The crushing process requires a great deal of water for possible dust
control. How will this water be collected, maintained in order to protect the environment? Concrete has a high
alkalinity. How will ground water and aquifer be protected?

Please do the right and prudent thing and protect the county's natural resources as well as its citizens and VOTE NO on
the CRUSHER!

Thank You!

William Johnson

20 Whistling Duck Drive
Bridgeville, DE 19933
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Demetrios G. Kaouris RECEIVED

410-213-2202

dkaouris@mdswlaw.com JAN 80 2023

January 27, 2023 SUSSEX COUNTY
PLANNING & ZONING

Via Federal Express

Sussex County Board of Adjustment =

¢/o Jamie Whitehouse Opposition

Planning & Zoning Director Exhibit

2 The Circle
Georgetown, Delaware 19947

Re: Case No. 12789 — FDPN Management, LL.C
Dear Board Members:

I am writing on behalf of Passwaters Farm, LL.C (“Passwaters™), the developer of the Heritage
Shores community located in Bridgeville, Delaware. Passwaters is the owner of real property that
is located approximately 1,600 feet north of the property that is the subject of the above-captioned
case, Future expansion of the Heritage Shores community is planned for land that is located north
west of the proposed site and which shares a common boundary with the proposed site. Attached
hereto as Exhibit | is a vicinity map showing the location of the Passwaters property and the future
home sites within the Heritage Shores community. For the reasons set forth in this letter,
Passwaters requests that the Board of Adjustment deny the application of FDPN Management,
LLC (the “Applicant™).

Section 115-111 of the Sussex County Code provides in relevant part as to potentially hazardous
uses in the HI-1 District:

The following uses . . . may, if not in conflict with any state or county law
or ordinance, be located in the HI-1 District only after the location and nature of
such use shall have been approved by the Board of Adjustment after public hearings
as provided in Article XXVII. The Board shall review the plans and statements and
shall not permit such buildings, structures or uses until it has been shown that the
public health, safety, morals and general welfare will be properly protected and that
necessary safeguards will be provided for the protection of water areas or
surrounding property and persons. The Board, in reviewing the plans and
statements shall consult with other agencies created for the promotion of public
health and safety and shall pay particular attention to protection of the county and
its waterways from the harmful effects of fair and water pollution of any type.

Sussex County Code § 115-111.

300 ACADEMY STREET CAMBRIDGE, MD 21613 410.228.4546 WWW.MDSWLAW.COM

EASTON - CAMBRIDGE - OCEAN CITY



According to the United States Department of Labor, crystalline silica is released into the air when
crushing stone and concrete products. Ex. 2, Dept. of Labor Overview. Individuals exposed to
crystalline silica particles are at increased risk of developing silica-related diseases like silicosis,
lung cancer, chronic obstructive pulmonary disease, and kidney disease. Ex. 2, Dept. of Labor
Overview. According to the United States Department of Health and Human Services, “[s]ilicosis
is a progressive, irreversible, fibrotic lung disease that can occur in association with inhalation and
pulmonary deposition of respirable dust containing c-silica [crystalline silica]. The association
between occupational exposure to inhaled c-silica and development of this severe, debilitating lung
disease is well-established and has been recognized since ancient times. Ex. 3, Toxicological
Profile for Silica, U.S. Dept. of Health and Human Services at 4 (Sept. 2019).

The crushing of the concrete will create airborne crystalline silica. Given the very close proximity
to the Heritage Shores home sites and the prevailing wind in the Bridgeville area is from the south,
there is a substantial likelihood that the crystalline silica will be blown to the west and north of the
site and on the home sites located within the Heritage Shores community. That will in turn expose
the residents of Heritage Shores to crystalline silica, which since ancient times has be known to
cause lung disease, including silicosis. This presents a significant health hazard to the current
residents of Heritage Shores and the residents of future development, which is expected to be in
even closer proximity to the site.

As noted by the communication dated January 25, 2023 from the Town of Bridgeville (the
“Town”), there are significant areas of residential development in close proximity to the
Applicant’s Property and other adjacent areas are identified as growth areas in the Town’s
Comprehensive Plan. The location of a concrete crushing plant, which is as a potentially
dangerous activity under the County Code, in an area with significant residential development and
future residential/commercial development represents poor planning. Such potentially dangerous
activities should be located in industrial areas where there are limited impacts to residents and
residential communities.

Section 115-111 dictates that uses not be approved unless it is established “that the public health,
safety, morals and general welfare will be properly protected and that necessary safeguards will
be provided for the protection of water areas or surrounding property and persons.” Under the
circumstances, the Applicant has not met the burden, and therefore the application should be
denied.

Sincerely,
Demetrios G. Kaouris

Encl.
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Silica, Crystalline - Overview | Occupational Safety and Health Administration Page | of 4

Safety and Health Topics / Silica, Crystalline

Silica, Crystalline

Silica, Crystalline Menu

Workers' Rights

CONTROL
SILICA
DUST

Breathe Easier

QOverview

Crystalline silica is a common mineral found in the earth's crust. Materials like sand, stone, concrete,
and mortar contain crystalline silica. It is also used to make products such as glass, pottery, ceramics,
bricks, and artificial stone.

Respirable crystalline silica — very small particles at least 100 times smaller than ordinary sand you
might find on beaches and playgrounds — is created when cutting, sawing, grinding, drilling, and
crushing stone, rock, concrete, brick, block, and mortar. Activities such as abrasive blasting with sand;
sawing brick or concrete; sanding or drilling into concrete walls; grinding mortar; manufacturing brick,

EXHIBIT

2. 3/9/2021

tabbles®

https://www.osha.gov/silica-crystalline




Silica, Crystalline - Overview | Occupational Safety and Health Administration Page 2 of 4

concrete blocks, stone countertops, or ceramic products; and cutting or crushing stone result in
worker exposures to respirable crystalline silica dust. Industrial sand used in certain operations, such
as foundry work and hydraulic fracturing (fracking), is also a source of respirable crystalline silica
exposure. About 2.3 million people in the U.S. are exposed to silica at work.

Workers who inhale these very small crystalline silica particles are at increased risk of developing
serious silica-related diseases, including:

= Silicosis, an incurable lung disease that can lead to disability and death;
= Lung cancer,

= Chronic obstructive pulmonary disease (COPD); and

= Kidney disease.

To protect workers exposed to respirable crystalline silica, OSHA has issued two respirable crystalline
silica standards: one for construction, and the other for general industry and maritime.

Revisions to Table 1

OSHA is currently analyzing comments submitted to a Request for Information to determine if
revisions to Table 1 may be appropriate. See the Unified Regulatory Agenda for details.

Highlights

» Small Entity Compliance Guides
= Construction
= General Industry and Maritime
= FAQs for the Construction Industry
s FAQs for General Industry
= Controlling Silica Dust in Construction — Videos for Table 1 Tasks
= Table 1 Task Fact Sheets for Construction
= Video: Protecting Workers from Silica Hazards in the Workplace
= Sample Training Powerpoints
o Construction
o General Industry and Maritime
- National Emphasis Program — Respirable Crystalline Silica
m Interim Enforcement Guidance for the Respirable Crystalline Silica In General
Industry/Maritime Standard
» Interim Enforcement for the Respirable Crystalline Silica in Construction Standard
s Silica Rule Updates
= Submit a question

https://www.osha.gov/silica-crystalline 3/9/2021
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SILICA i

DISCLAIMER

Use of trade names is for identification only and does not imply endorsement by the Agency for Toxic
Substances and Disease Registry, the Public Health Service, or the U.S. Department of Health and Human
Services.



SILICA iii

FOREWORD

This toxicological profile is prepared in accordance with guidelines* developed by the Agency for Toxic
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for these toxic substances described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a substance's toxicologic properties. Other pertinent literature is
also presented, but is described in less detail than the key studies. The profile is not intended to be an
exhaustive document; however, more comprehensive sources of specialty information are referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile
begins with a relevance to public health discussion which would allow a public health professional to
make a real-time determination of whether the presence of a particular substance in the environment
poses a potential threat to human health. The adequacy of information to determine a substance's health
effects is described in a health effects summary. Data needs that are of significance to the protection of
public health are identified by ATSDR.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a toxic substance to ascertain the levels of significant
human exposure for the substance due to associated acute, intermediate, and chronic
exposures;

(B) A determination of whether adequate information on the health effects of each substance
is available or in the process of development to determine levels of exposure that present
a significant risk to human health of acute, intermediate, and chronic health effects; and

(&) Where appropriate, identification of toxicologic testing needed to identify the types or
levels of exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been
peer-reviewed. Staffs of the Centers for Disease Control and Prevention and other Federal scientists have
also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental panel
and was made available for public review. Final responsibility for the contents and views expressed in
this toxicological profile resides with ATSDR.

’MW
Patrick N. Breysse, Ph.D., CIH
Director, National Center for Environmental Health and

Agency for Toxic Substances and Disease Registry
Centers for Disease Control and Prevention
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*] egislative Background

The toxicological profiles are developed under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA or Superfund). CERCLA section
104(i)(1) directs the Administrator of ATSDR to “...effectuate and implement the health related
authorities” of the statute. This includes the preparation of toxicological profiles for hazardous
substances most commonly found at facilities on the CERCLA National Priorities List (NPL) and that
pose the most significant potential threat to human health, as determined by ATSDR and the EPA.
Section 104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. In addition, ATSDR has the authority to prepare
toxicological profiles for substances not found at sites on the NPL, in an effort to .. .establish and
maintain inventory of literature, research, and studies on the health effects of toxic substances” under
CERCLA Section 104(i)(1)(B), to respond to requests for consultation under section 104(i)(4), and as
otherwise necessary to support the site-specific response actions conducted by ATSDR.
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VERSION HISTORY

Date Description

September 2019 Final toxicological profile released
April 2017 Draft for public comment toxicological profile released
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CONTRIBUTORS & REVIEWERS

CHEMICAL MANAGER TEAM

Malcolm Williams, D.V.M., Ph.D. (Lead) Julie M. Klotzbach, Ph.D.

Nickolette Roney, M.P.H. Mary Kawa, M.A.
Obaid Faroon, D.V.M., Ph.D. Kimberly Zaccaria, Ph.D., D.A.B.T.

Dennis Jones, D.V.M., Ph.D.

ATSDR, Division of Toxicology and Human Health SRC, Inc., North Syracuse, NY
Sciences, Atlanta, GA

REVIEWERS

Interagency Minimal Risk Level Wor kgroup:
Includes ATSDR ; National Center for Environmental Health (NCEH); National Institute of

Occupational Health and Safety (NIOSH); U.S. Environmental Protection Agency (EPA); National
Toxicology Program (NTP).

Additional reviews for science and/or policy:
ATSDR, Division of Community Health Investigations; ATSDR, Office of Science; NCEH, Division of

Laboratory Science; NCEH, Division of Environmental Health Science and Practice.

PEER REVIEWERS

1. Michael Greenberg, M.D., MPH, FACEP, Emergency Medicine, Drexel University, Philadelphia,

Pennsylvania
2. Kyle Steenland, Ph.D., MS, Department of Environmental and Occupational Health, Emory

University, Atlanta, Georgia
3. Kenneth D. Rosenman, M.D., Department of Medicine, Michigan State University, East Lansing,

Michigan

These experts collectively have knowledge of toxicology, chemistry, and/or health effects. All reviewers
were selected in conformity with Section 104(1)(13) of the Comprehensive Environmental Response,

Compensation, and Liability Act, as amended.

ATSDR scientists review peer reviewers’ comments and determine whether changes will be made to the
profile based on comments. The peer reviewers’ comments and responses to these comments are part of

the administrative record for this compound.

The listing of peer reviewers should not be understood to imply their approval of the profile's final
content. The responsibility for the content of this profile lies with ATSDR.
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CHAPTER 1. RELEVANCE TO PUBLIC HEALTH

1.1 OVERVIEW AND U.S. EXPOSURES

Silica is ubiquitous in the environment, with over 95% of the earth’s crust made of minerals containing
silica (Uhrlandt 2006). Silica exists in two forms: crystalline (c-silica) and amorphous (or non-
crystalline; a-silica). At least a trace amount of c-silica, in the form of quartz, is present in all soils.
Silica is naturally released into the environment through the weathering of rocks, volcanic activity, and

biogenic sources.

c¢-Silica and a-silica are not single entities, each having several forms (poly morphs) with different surface
chemistry characteristics. For a single polymorph, surface characteristics may vary due to processing and
particle aging, even for polymorphs within the same silica industry. The most common polymorphs of
naturally occurring c-silica include quartz, cristobalite, and tridymite (NIOSH 2002). a-Silica exists in
natural forms that often contain various amounts of c-silica (diatomite, calcined, flux calcined, biogenic
silica fibers, opal, vitreous silica) and in synthetic forms that are not contaminated with c-silica
(pyrogenic, precipitated, gel, colloidal) (Fruijtier-Polloth 2012; IARC 1997). Vitreous silica can also be
produced intentionally as a commercial product or unintentionally as a byproduct during the manufacture
of ferrosilicon and silicon (Arts et al. 2007; Fruijtier-Polloth 2012; IARC 1997; Smith 2006). Similarly,
a-silica fume can be produced unintentionally as a by product during the manufacture of ferrosilicon and
silicon; the resulting product can then be used in some manufacturing processes (Arts et al. 2007; Florke
et al. 2008; Fruijtier-Polloth 2012). Unlike intentionally produced synthetic forms of a-silica, a-silica
byproducts are produced in an uncontrolled manner and may contain varying amounts of c-silica.
Synthetic a-silica compounds typically exist as aggregates, with particle sizes in the respirable range
(<10 pm) (Fruijtier-Polloth 2012, 2016; Merget et al. 2002; IARC 1997; Waddell et al. 2006). However,
isolated synthetic a-silica particles may exist as nanoparticles (1-100 nm) in colloidal dispersions

(Fruijtier-Polloth 2012, 2016).

In general, silica is considered poorly water soluble and chemically unreactive in the environment (EPA
1991; IARC 1997). Both c- and a- forms of silica have surfaces composed of siloxane (covalently bonded
silicon and oxygen; Si-0-S8i) and silanol groups (Si-OH) (Rimola et al. 2013; Zhuravlev 2000). Exposure
to water will break silicon-oxygen bonds on the surface of silica to form silanols. c-Silica surfaces tend to
have more order, although some c-silica is found with an outer layer of a-silica. a-Silica may contain a

c-silica component from exposure to high temperatures and pressures (e.g., flux calcination). Thus, for a
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single polymorph of ¢c- or a-silica, surface chemistry of the compound may vary, depending upon
production method and degree of hydration. The water solubility of silica has some variability due to
differences in trace metal impurities, hydration, temperature, and particle size. Solubility is lower for
c-silica polymorphs than for a-silica, and anhydrous a-silica dissolves less rapidly than hydrated a-silica
(IARC 1997). Silica particles may be transported by wind or water currents as part of the biogeochemical

silica cycle. As part of the biogeochemical silica cycle, silica deposits settle out of water into sediment.

Human exposure to c-silica is known to occur in industrial and occupational settings (NTP 2014).
c-Silica is recognized as an important occupational inhalation hazard (EPA 1996). The general
population is exposed to silica through air, indoor dust, food, water, soil, and various consumer products.
Both c-silica and a-silica are found in many commercial products (e.g., bricks, mortar, plaster, caulk,
granite and engineered stone kitchen counter tops, roofing granules, wallboard, concrete cleansers, skin
care products and soaps, art clays and glazes, talcum powder) (NTP 2009). The primary route of
exposure to c-silica in the general (non-occupational) population is thought to be via inhalation of c-silica
during the use of commercial products containing quartz (IARC 2012). Silica sands and dusts are
commonly found in air and a-silica and c-silica can be air contaminants from emission of fly ash from
power stations and various manufacturing facilities (IARC 1997). Industrial emissions, forest fires, crop
burning, and wind erosion of soil may spread both a-silica and c-silica particles. Exposure to silica is also
expected to occur for the general public through the diet. a-Silica compounds are used as pesticides for
crops and are used near food handling and preparation areas (EPA 1991). a-Silica compounds are used in
food packaging, cosmetics (e.g., toothpaste), and pharmaceutical agents, and are approved food additives
(FDA 2015a, 2015b; Fruijtier-Polloth 2012, 2016). a-Silica accumulates in some plants and crops
including rice, millet, sugarcane, and wheat (Rabovsky 1995). Although quantitative data are not
available, water containing c-silica and a-silica (e.g., diatomite fragments and quartz particles) is a

potential source of exposure for the general population.

1.2 SUMMARY OF HEALTH EFFECTS

Throughout this toxicological profile, the term c-silica refers to crystalline silica; non-crystalline
amorphous silica is referred to as a-silica. As noted above (Section 1.1), surface chemistry of a single
polymorph of c-silica or a-silica may vary depending upon production method, degree of hydration, and
aging. Thus, particle surface chemistry resulting in differences in chemical reactivity may contribute,
along with other factors, to differences observed between studies (Fubini et al. 1995; Rimola et al. 2013;

Turci et al. 2016; Zhuravlev 2000).
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The exposure route of concern for c-silica and a-silica compounds is inhalation. Effects of inhaled
c-silica are strictly associated with occupational exposure to particles that are of respirable size (<10 um).
Adverse effects of inhaled c-silica are not observed from incidental exposure to low levels of ¢-silica in
the environment (e.g., at beaches) or from exposure particles that exceed the respirable size range
(Beckett et al. 1997; Steenland and Ward 2014). Note that studies evaluating silica compounds with a
mean particle size in the nanoparticle range (<100 nm) are not included in this profile

because toxicokinetics and toxicodynamics of nanoparticles can be substantially different from larger

respirable particles (Oberdorster 2010).

Few studies on oral exposure to c-silica were identified. Available studies in laboratory animals, as
reviewed in Chapter 2, do not identify adverse effects associated with oral exposure. Given the
ubiquitous nature of c-silica in the environment, it is assumed that incidental oral exposure of humans
commonly occurs; however, no reports of adverse effects associated with incidental oral exposure to
c-silica in the environment were identified. For a-silica, results of oral exposure studies in animals
available in the published literature (reviewed in pertinent sections of Chapter 2) do not identify adverse
effects associated with exposure. In addition, results of numerous unpublished oral exposure studies in
animals on synthetic a-silica are reported by the Organization for Economic Co-operation and
Development (OECD 2016) and the European Chemicals Agency (ECHA 2019). Based on the
information presented in the OECD and ECHA documents, no adverse effects were associated with oral
a-silica exposure in these studies, with exposure durations ranging from acute to chronic duration. Note
that synthetic a-silica compounds are used in food packaging, cosmetics (e.g., toothpaste), and
pharmaceutical agents, and are approved food additives (FDA 2015a, 2015b; Fruijtier-Polloth 2012,

2016); therefore, incidental exposure of the general population to synthetic a-silica is expected to occur.

No association between dermal exposure and adverse effects for a-silica or c-silica in humans or animals
has been reported in the available published literature or in the unpublished studies reviewed by the

OECD (2016) or ECHA (2019).

Health Effects of Inhaled Crystalline Silica. To date, exposures to c-silica at levels that produce adverse
health effects have only been reported in workers who have been exposed by inhalation for a prolonged

period of time in silica industries. Health effects that have been associated with occupational exposure to
c-silica are silicosis (a progressive, fibrotic lung disease), chronic obstructive pulmonary disease (COPD),

lung cancer, renal toxicity, increased risk of tuberculosis, and autoimmune diseases. Of these, silicosis
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and lung cancer pose the greatest concern to human health. Under most exposure conditions, silicosis
occurs from chronic exposure. However, intermediate-duration exposure to high levels (not defined) of
c-silica has been associated with the development of silicosis, although this is not common. It is
important to note that these health outcomes have not been associated with exposures to ambient air levels
of c-silica (Beckett et al. 1997; Mossman and Churg 1998; Steenland and Ward 2014). Renal and

autoimmune outcomes have not been studied as extensively as silicosis and lung cancer.

Respiratory effects. Silicosis is a progressive, irreversible, fibrotic lung disease that can occur in
association with inhalation and pulmonary deposition of respirable dust containing c-silica. The
association between occupational exposure to inhaled c-silica and development of this severe, debilitating
lung disease is well-established and has been recognized since ancient times. Silicosis does not result
from inhalation of any other substance, including a-silica. Silicosis is not a single disease entity, but is
classified as different types (simple silicosis, progressive massive fibrosis [PMF], acute silicosis, and
accelerated silicosis). Silicosis can result in death due to respiratory failure. Cumulative c-silica
exposure, expressed as mg/m’-year, is the most important factor in the development of silicosis. Time
from first exposure to onset of disease varies inversely with cumulative exposure and may be as short as a
few weeks for acute silicosis or as long as 20 or more years for simple silicosis and PMF. Due to the long
latency period, silicosis may not be diagnosed until after exposure has ended. Disease severity cé)ntinues
to slowly increase over decades even after exposure has been discontinued, possibly due to c-silica dust

that is retained in the lungs (Greenberg et al. 2007).

The current number of silicosis cases in the United States is not known. Based on confirmed diagnoses of
silicosis in Michigan and national data on silicosis deaths, Rosenman et al. (2003) estimated that during
the period of 1987-1997, approximately 3,600-7,300 new silicosis cases were diagnosed yearly in the
United States. Reported risk estimates for silicosis in occupational exposure studies vary, with many
factors potentially influencing study outcome, including study design (inclusion of decedents, length of
follow-up period, frequency of health assessments, adjustment for smoking), and c-silica surface
characteristics. These likely factors contribute to the wide range of reported incidences of silicosis (<10%
to as high as approximately 80%) (Chuchyard et al. 2004; Collins et al, 2005; Kreiss and Zhen 1996).
Based on data reported by the National Institute for Occupational Safety and Health (NIOSH) in 1994,
13,744 deaths with silicosis as a possible contributor (mentioned in the death certificate) occurred in the
United States during the period 1968—1990 (Castranova and Vallyathan 2000; NIOSH 1994). Silicosis
mortality trends have shown a marked decline over the past 50 years due to improved industrial hygiene

standards and more stringent regulatory standards and guidelines (Bang et al. 2008, 2015). However,
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silicosis deaths in younger adults (ages 15-44 years) have not declined since 1995, which may reflect
more recent, intense exposures, such as those associated with construction and abrasive blasting industries

(CDC 1998a, 1998b; Mazurek and Attfield 2008).

Several occupational studies have demonstrated exposure-response relationships for silicosis and
mortality due to silicosis. However, a no-observed-adverse-effect level (NOAEL) for silicosis has not
been defined, with silicosis and death due to silicosis observed for the lowest estimated cumulative
exposure ranges reported. For the lowest estimated cumulative exposure range reported in the available
literature (0-0.2 mg/m’-year), silicosis was observed in 5 of 3,330 gold miners (Steenland and Brown
1995a). At the estimated cumulative exposure range of 0.1-1.23 mg/m’-year, death due to silicosis was
observed in 2,857 of 74,040 mining and pottery workers in China (Chen et al. 2012). In other
occupational studies, cumulative exposure levels associated with silicosis and silicosis-related death are

higher.

Renal effects. A wide-spectrum of renal pathologies (called silicon nephropathy) have been associated
with occupational exposute to c-silica, including acute and chronic renal nephritis/nephrosis, end-stage
renal failure, glomerulonephritis, and renal damage associated with autoimmune disorders (e.g., anti-
neutrophil cytoplasm antibody [ANCA ]-associated vasculitis). However, associations have not been
found in all studies. Relative to silicosis, the incidence of renal disease is very low in silica-exposed
cohorts (<1 versus <10-80%). Results of a pooled analysis show that the risk of renal disease and
mortality due to renal disease increased with cumulative exposure (Steenland et al. 2002a). Comparison
of exposure-response data for renal effects and silicosis shows that renal toxicity typically occurs at

higher cumulative exposure levels than silicosis.

Immunological effects. Exposure to respirable c-silica has been associated with increased risks of a wide
spectrum of autoimmune disorders, including systemic sclerosis (scleroderma), rheumatoid arthritis,
systemic lupus erythematosus, ANCA-associated vasculitis, and sarcoidosis. Similar to renal effects, the
incidence of autoimmune disorders is low compared to silicosis, and associations have not been observed
in all studies (Brown et al. 1997; Calvert et al. 2003; Gold et al. 2007; Makol et al. 2011; Rosenman et al.
1999; Walsh 1999). Data for each specific disease are inadequate to determine exposure-response

relationships.

Lung cancer. Numerous epidemiological studies have evaluated associations between silica exposure and

lung cancer. Compared to other occupational lung carcinogens, such as asbestos, the reported association
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between c-silica exposure and lung cancer is low, requiring large study populations to achieve adequate
power to detect and quantify any such association. Results of pooled- and meta-analyses, which provide
the strongest support for the carcinogenicity of c-silica in the lung, show increased risks of lung cancer in
c-silica workers, with risks exhibiting dependence upon cumulative exposure (Finkelstein 2000; Lacasse
et al. 2009; Steenland 2005; Steenland et al. 2001a). Results of a cohort study of over 30,000 workers in
China indicate that exposure to c-silica is associated with lung cancer in the absence of silicosis (Liu et al.
2013). Smoking, as in all studies of potential lung carcinogens, could be a confounding factor in studies
examining the relationship between c-silica exposure and lung cancer (Hessel et al. 2000). However,
results of a pooled analysis of over 65,000 workers show that smoking was not a confounder in studies

with data on smoking (Steenland et al. 2001a).

The Department of Health and Human Services classified c-silica (respirable size) as a Group [ (definite)
human lung carcinogen. The International Agency for Research on Cancer (IARC 2012) and NIOSH
(2002) also have classified c-silica (respirable size) as a Group 1 (definite) human lung carcinogen.
IARC (1997, 2012) acknowledged that some occupational exposure studies did not show an association
between c-silica exposure and lung cancer, possibly due to the characteristics of c-silica in different
occupational settings or other factors affecting its carcinogenic potential; in addition, other confounding
factors and biases may have influenced study results (e.g., errors in estimating c-silica exposure levels,
absence [or presence and severity] of silicosis, adequate control of confounding from smoking, and
unaccounted occupational co-exposures that may have contributed to lung cancer risk). NIOSH (2002)

also concluded that c-silica (respirable size) is a human carcinogen.

Health Effects of Inhaled Amorphous Silica. Relative to the large number of occupational studies on
c-silica, fewer studies have evaluated the effects of inhaled a-silica in humans. Data from occupational
exposure studies are insufficient to determine whether or not a-silica is associated with lung disease in
humans because exposure in most studies includes a mixture of a-silica and c-silica. However, silicosis
has not been observed in epidemiological studies in workers with long-term exposure to a-silica with no
known exposure to c-silica (Choudat et al. 1990; Plunkett and Dewitt 1962; Taeger et al. 2016; Volk
1960; Wilson et al. 1979). Numerous occupational studies in the 1930s—1980s report an increased
incidence of pneumoconiosis in diatomaceous earth workers exposed to a-silica; however, interpretation
of results is complicated due to co-exposures to ¢-silica (Beskow 1978; Caldwell 1958; Cooper and
Jacobson 1977; Cooper and Sargent 1984; Dutra 1965; Harber et al. 1998; Legge and Rosencrantz 1932;
Motley 1960; Motley et al. 1956; Smart and Anderson 1952; Vigliani and Mottura 1948).



SILICA &

1. RELEVANCE TO PUBLIC HEALTH

Results of animal studies on synthetic a-silica polymorphs indicate that inhalation exposure to a-silica is
associated with pulmonary toxicity, including inflammation, cellular infiltrates, reversible fibrosis, and
reduced lung function, following acute-, intermediate-, and chronic-duration exposure (Arts et al. 2007;
Groth et al. 1981; Johnston et al. 2000; Lee and Kelly 1992; Reuzel et al. 1991; Schepers 1959, 1962,
1981; Schepers et al. 1957a, 1957b, 1957¢; Tebbens et al. 1957; Warheit et al. 1991, 1995). However, in
contrast to c-silica, progressive fibrosis was not observed and most effects were reversible. Results of a
study examining the effects of a 5-day inhalation exposure of rats to a-silica polymorphs yield NOAEL
and lowest-observed-adverse-effect level (LOAEL) values for bronchial hypertrophy and cellular
infiltrates of 1 and 5 mg/m’, respectively (Arts et al. 2007). Similar pulmonary effects have been reported
in animals following intermediate- and chronic-duration inhalation exposure; however, NOAEL values

were not identified (Groth et al. 1981; Reuzel et al. 1991; Warheit et al. 1991, 1995).

Other than pulmonary effects, no other effects are clearly associated with inhaled a-silica.

1.3 MINIMAL RISK LEVELS (MRLs)

Crystalline Silica, Inhalation. As reviewed in Section 1.2, epidemiological studies of occupational
populations show that silicosis occurs at the lowest estimated cumulative exposure levels reported.
Silicosis is a serious adverse effect that has the potential to result in death due to respiratory failure or
lung cancer. Given the serious nature of silicosis and the uncertainties associated with identification of a
no-effect level, no MRLs were derived for inhaled c-silica for any exposure duration, as summarized in

Table 1-1.

Table 1-1. Minimal Risk Levels (MRLs) for c-Silica?

Exposure Point of Uncertainty
duration MRL Critical effect departure factor Reference
Inhalation exposure (ppm)
Acute Insufficient data for MRL derivation
Intermediate Insufficient data for MRL derivation
Chronic Insufficient data for MRL derivation
Oral exposure (mg/kg/day)
Acute Insufficient data for MRL derivation
Intermediate Insufficient data for MRL derivation
Chronic Insufficient data for MRL derivation

aSee Appendix A for additional information.
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Crystalline Silica, Oral. Studies on oral exposure to c-silica do not identify critical target organs.
Therefore, oral MRLs for c-silica have not been derived for any exposure duration, as summarized in

Table 1-1.

Amorphous Silica Inhalation. As noted above (Health Effects of Amorphous Silica), results of the
animal studies provide evidence that toxicological potency for respiratory effects can differ between
different a-silica polymorphs. Given the potentially important role of surface chemistry characteristics in
the toxicological potency of silica compounds, there is considerable uncertainty regarding identification
of NOAEL or LOAEL values that could serve as the basis of development of inhalation MRLs, as values
based on a single a-silica polymorph may not apply to all forms of a-silica. Therefore, inhalation MRLs

for a-silica have not been developed for any exposure duration, as summarized in Table 1-2.

Table 1-2. Minimal Risk Levels (MRLs) for a-Silica?

Exposure Point of Uncertainty
duration MRL Critical effect departure factor Reference
Inhalation exposure (ppm)
Acute Insufficient data for MRL derivation
Intermediate  Insufficient data for MRL derivation
Chronic Insufficient data for MRL derivation
Oral exposure (mg/kg/day)
Acute Insufficient data for MRL derivation
Intermediate  Insufficient data for MRL derivation
Chronic Insufficient data for MRL derivation

aSee Appendix A for additional information.

Amorphous Silica Oral. Studies on oral exposure to a-silica do not identify critical target organs.
Therefore, oral MRLs for a-silica have not been derived for any exposure duration, as summarized in

Table 1-2.
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CHAPTER 2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of'silica. It contains
descriptions and evaluations of toxicological studies and epidemiological investigations and provides

conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acrony ms, abbreviations, and symbols can be found at the end of this profile.

To help public health professionals and others address the needs of persons living or working near hazardous
waste sites, the information in this section is organized by health effect. These data are discussed in terms of
route of exposure (inhalation, oral, and dermal) and three exposure periods: acute (<14 days), intermediate

(15-364 days), and chronic (=365 days).

As discussed in Appendix B, a literature search was conducted to identify relevant studies examining health

effect endpoints.

Summaries of the human observational studies are presented in Tables 2-4 through 2-18. Animal
inhalation studies are presented in Table 2-1 and Figure 2-1, and animal oral studies are presented in
Table 2-2 and Figure 2-2 for crystalline silica and Table 2-3 and Figure 2-3 for amorphous silica; no

dermal data were identified for silica.

Levels of significant exposure (LSEs) for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELS) or lowest-
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
LLOAELSs have been classified into "less serious" or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,
or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an endpoint should be
classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be

insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
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Agency has established guidelines and policies that are used to classify these endpoints. ATSDR believes
that there is sufficient merit in this app roach to warrant an attempt at distinguishing between "less
serious” and "serious" effects. The distinction between "less serious" effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELs or NOAELs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

A User's Guide has been provided at the end of this profile (see Appendix C). This guide should aid in
the interpretation of the tables and figures for LSEs and MRLs.

Throughout this toxicological profile, the term c-silica refers to crystalline silica; non-crystalline
amorphous silica is referred to as a-silica. For occupational exposure studies on c-silica compounds, the
source of c-silica (e.g., mining, manufacturing) is noted. For studies on a-silica, the specific type of

compound (natural or synthetic, type of synthetic, commercial product name) is noted.

Selection of Literature. The literature on the health effects of occupational exposure of humans to
inhaled respirable c-silica is extensive, including numerous recently published reviews. This profile
describes results of a subset of these studies that provide information on exposure-response
relationships. There is also extensive literature on the effects of inhaled c-silica in laboratory animals;
however, due to the abundance of information on the effects of c-silica in humans, animal studies on c-
silica are not included in this profile. In contrast to the large amount of information available on the
effects of inhaled c-silica, much less information is available on the effects of oral exposure to c-silica
and inhalation and oral exposure to a-silica; therefore, studies in laboratory animals are reviewed and
included in these sections to supplement human data. Studies on adverse effects of dermal exposure to
c-silica and a-silica in humans or laboratory animals were not identified in the published literature.
Studies included in Chapter 2 were identified primarily from recent reviews, literature searches, and
tree-searching of important literature. In addition, results of numerous unpublished oral exposure
studies in animals on synthetic a-silica are reported by OECD (2016) and ECHA (2019). Information
reviewed in these reports on synthetic a-silica is consistent with published oral exposure. General
descriptions of health effects of c-silica and a-silica were taken from numerous, recent reviews, as

indicated throughout Chapter 2.
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Routes of Exposure. The exposure route of concern for c-silica and a-silica compounds is inhalation.
Effects of inhaled c-silica and a-silica are strictly associated with occupational exposure to particles that
are of respirable size (<10 pm). Adverse effects of inhaled silica are not observed from incidental
exposure to low levels of silica in the environment (e.g., at beaches) or from exposure particles that
exceed the respirable size range (Beckett et al. 1997; Steenland and Ward 2014). Note that studies
evaluating silica compounds with a mean particle size in the nanoparticle range (<100 nm) are not
included in this profile because toxicokinetics and toxicodynamics of nanoparticles can be substantially
different from larger respirable particles (Oberdorster 2010). While synthetic a-silica compounds have
initial particle sizes in the nanoparticle range, these particles covalently bond during the manufacturing
process to form indivisible aggregates in the respirable range, which can further combine to form micron-
sized agglomerates (Fruijtier-Polloth 2012, 2016; Taeger et al. 2016); see Chapter 4 (Chemical and
Physical Information) for more details. Due to irreversible formation of aggregates in the respirable
range, commercial a-silica products are included in this profile. Nearly all available animal inhalation
a-silica studies evaluated synthetic products, and are clearly identified as pyrogenic, precipitated, gel, or
colloidal in the subsequent sections of Chapter 2 as well as Table 2-1. If studies did not report particle
size mean or distribution or did not indicate that particles were of respirable size, particle size was

assumed to be in the respirable range; this is noted in discussion of individual studies.

Oral exposure to c-silica and a-silica does not appear to be an exposure route of concern. Although few
studies on oral exposure to c-silica were identified, available studies in laboratory animals, as reviewed in
subsequent sections of Chapter 2, do not identify adverse effects associated with oral exposure. Given the
ubiquitous nature of c-silica in the environment, it is assumed that incidental oral exposure of humans
commonly occurs. For a-silica, results of oral exposure studies in animals available in the published
literature (reviewed in pertinent sections of Chapter 2) do not identify adverse effects associated with
exposure. In addition, results of numerous unpublished oral exposure studies in animals on synthetic
a-silica are reported by OECD (2016) and ECHA (2019). Based on the information presented in the
OECD and ECHA documents, no adverse effects were associated with oral a-silica exposure in these
studies, with exposure durations ranging from acute to chronic duration. Note that synthetic a-silica
compounds are used in food packaging, cosmetics (e.g., toothpaste), and pharmaceutical agents, and are
approved food additives (FDA 20 15a, 2015b; Fruijtier-Polloth 2012, 2016); therefore, incidental exposure
of the general population to synthetic a-silica is expected to occur. No studies evaluating oral exposure to

natural a-silica in laboratory animals were identified.
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Dermal exposure to c-silica and a-silica also does not appear to be an exposure route of concern. No
association between dermal exposure and adverse effects for a-silica or c-silica in humans or animals has
been reported in the available published literature or in the unpublished studies reviewed by OECD
(2016) or ECHA (2019).

Duration of Exposure and Exposure Metric. Adverse effects of c-silica most commonly occur after
chronic exposure durations (e.g., several years). Although repeated, high exposures for intermediate
exposure durations can produce adverse effects, this is not common. Therefore, an exposure metric that
incorporates both concentration of silica in air and exposure duration provides the most comprehensive
assessment of exposure. To quantify exposure, key epidemiological studies reviewed in this profile use

cumulative exposure, expressed in terms of mg/m’-year.

Assessment of Exposure. Epidemiology studies of occupational exposures to c-silica have relied on
estimates of long-term average or cumulative exposures for exploring associations between exposures and
health outcomes. These estimates are reconstructions of actual exposures that occurred to individual
subjects. This approach to exposure estimation is used in the absence of direct measurements of long-
term exposures (e.g., personal monitoring). A typical exposure reconstruction relies on creation of a job-
exposure matrix. Individual subjects are assigned exposures, based on records of their work histories that
provide information on the duration of jobs that they performed at a given location. Each job is assigned
an exposure level based on reported air monitoring data. Typically, this is based on records of
concentrations of respirable particles in work place air. Particle concentrations are converted to
approximate equivalent concentrations of c-silica using estimates of the percent c-silica in respirable dust,
which is not routinely measured in workplace monitoring programs. Cumulative exposure is estimated
from estimates of the average time spent in each job per shift and average number of shifts per year.
Exposure estimation introduces uncertainties and potential errors into exposure-response models.
Exposure misclassification can result from several sources, such as errors or ambiguities about individual
work histories; averaging of measured air concentrations, which may obscure exposure dynamics (e.g.,
periods of intense exposure); extrapolation of air monitoring data to longer-term averages; or
extrapolation of estimates of the average c-silica fraction of respirable particles to specific job categories,
individuals, or cohorts. If exposure misclassification occurs at similar rates among outcome cases and
non-cases (e.g., nondifferential misclassification), it is likely to bias estimated exposure-response
relationships toward the null. Differential misclassification (e.g., misclassification occurs at different
rates among cases and non-cases) can result in bias towards the null if cases are mis-assigned to lower

exposures, or away from the null if cases are mis-assigned to higher exposures.
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Assessment of Health Outcomes. Epidemiology studies of occupational exposures to c-silica have relied
on outcome measures obtained from medical records (including death certificates) or functional
evaluations (e.g., lung function tests). Use of historical medical records introduces uncertainties and
potential errors into exposure-response models. Outcome misclassification can result from errors or
ambiguities in the medical records such as recording errors, misdiagnoses, or diagnostic suspicion bias
(e.g., medical testing and/or diagnoses are influenced by information about potential exposures). If
outcome misclassification occurs at similar rates among exposure categories (e.g.. nondifferential
misclassification), it is likely to bias estimated exposure-response relationships toward the null.
Differential misclassification (e.g., misclassification occurs at different rates among exposure categories)
can result in bias towards the null if cases are mis-assigned to lower exposures, or away from the null if
cases are mis-assigned to higher exposures. Nondifferential misclassification of outcomes is a potential
source of bias when exposure to c-silica is considered in decisions about medical surveillance, testing, or

diagnosis.

Confounding Bias. Occupational cohorts studied in c-silica epidemiological studies also experience
exposures to other substances and stressors. Confounding bias can occur if these factors are associated
with exposure and the outcome but are not causal for the outcome. Typical adjustments used in silica
studies include age, sex, and race. However, other potential confounders of importance include exposure
to other substances that can cause pneumoconiosis, including asbestos, beryllium, and coal dust.
Potential confounders in studies of lung cancer include smoking and exposure to other occupational

carcinogens such as arsenic, cadmium, diesel, radon, and talc.

Silica Polymorphs, Surface Structure, and Biological Activity. c-Silica and a-silica exist in several
forms (polymorphs), each with different surface chemistry characteristics, including incorporation of
trace metals or other compounds (see Section 4.2, Chemical and Physical Properties). The biological
activity (e.g., the potential to induce adverse effects) is likely related to surface characteristics (see
Section 2.20.2, Mechanisms of Toxicity). Furthermore, for the same polymorph, biological activity may
vary due to modifications of surface characteristics from processing or aging. Due to several factors,
exposure-response relationships estimated for different silica industries and even within the same silica
industry have varied, making it difficult to define exposure-response relationships that apply to general
c-silica or a-silica categories. These factors include the form of c-silica contributing to exposure, error in
estimation of actual exposures, length of follow-up period, inclusion of decedents, adjustments for

smoking status, and other potential confounders.
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Overview of Health Effects of Inhaled Silica. The adverse effects of silica are limited to inhalation
exposures in occupational settings. No known adverse effects occur from exposure to particles that
exceed the respirable size range or from incidental exposure at ambient levels of c-silica or a-silica in the

environment (e.g., at beaches).

Health effects of inhaled c-silica. Occupational exposure studies of humans exposed to inhaled respirable
c-silica identify adverse effects to the respiratory, renal, and immune systems. In addition, some studies
show an association between c-silica exposure and lung cancer. Of these effects, the most sensitive effect
of inhaled c-silica is on the respiratory system, specifically silicosis. Renal and immune effects have not
been as extensively studied as silicosis and lung cancer, although available evidence supports an
association between occupational exposure to c-silica and increased risks for these effects. However,
associations between inhaled c-silica and renal and immune effects have not been observed in all studies.
Discussions of health effects of inhaled c-silica in Chapter 2 focus only on these main adverse effects of
c-silica and do not review other systems. As noted above, animal studies for c-silica were not considered

due to the extensive literature on c-silica toxicity in humans.

e Respiratory Effects. Respiratory effects of inhaled c-silica are silicosis, mortality due to
silicosis, decreased lung function in the absence of silicosis, and COPD. Silicosis, a progressive
fibrotic, potentially fatal lung disease caused by occupational exposure to respirable c-silica, is a
well-established effect that has been recognized since ancient times. Silicosis does not result
from inhalation of any other substance, including a-silica, and is not associated with incidental
exposure to low levels of c-silica in the environment (e.g., at beaches). Silicosis is strictly an

occupational disease.

e Renal Effects. A wide-spectrum of renal pathologies (called silicon nephropathy) has been
associated with occupational exposure to c-silica, including acute and chronic renal nephritis/
nephrosis, end-stage renal failure, glomerulonephritis, and renal damage associated with
autoimmune disorders (e.g., ANCA-associated vasculitis). Relative to silicosis, the incidence of

renal disease is very low.

e Immunological Effects. Exposure to respirable c-silica has been associated with increased risks

of a wide spectrum of autoimmune disorders, including systemic sclerosis (scleroderma),
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rheumatoid arthritis, systemic lupus erythematosus, ANCA -associated vasculitis, and sarcoidosis.

Similar to renal effects, the incidence of autoimmune disorders is low compared to silicosis.

e Lung Cancer. Numerous occupational exposure studies have found associations between
occupational exposure to respirable c-silica and increased risk of lung cancer, although not all

studies have found associations.

The Department of Health and Human Services classified c-silica (respirable size) as a Group 1 (definite)
human lung carcinogen (NTP 2014). IARC (2012) and NIOSH (2002) also have concluded that c-silica

(respirable size) is a human carcinogen.

Health effects of inhaled a-silica. Relative to the large number of occupational studies on c-silica, fewer
studies have evaluated the effects of inhaled a-silica in humans. Pulmonary fibrosis has been reported in
a-silica workers, although co-exposure to c-silica could not be ruled out. Animal studies show that
inhalation of a-silica produces pulmonary inflammation, and reversible fibrosis, but silicosis is not
observed. Other than pulmonary effects, no other effects associated with inhaled a-silica have been

established.
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/m®)  monitored Endpoint (mg/m®) (mg/m?) (mg/m®  Effects
ACUTE EXPOSURE
1 Rat (Wistar) 5 days 0,1,5,25 BI, BW,CS, BdWi 25 M
10M 6 hours/day FI, HP, OW Resp 1M 5M Accumulation of alveolar macrophages,
(N) intra-alveolar granulocytic infiltrates, mild
bronchial/bronchiolar hypertrophy
Synthetic a-silica: Pyrogenic silica (Cab-O-Sil M5)
Arts et al. 2007
2 Rat (Wistar) 5 days 0,1,5,25 BI, BW,CS, BdWt 25
10M,10F 6 hours/day FI, HP, OW Resp 1 5 Intra-alveolar granulocytic infiltrates, mild
(N) bronchial/bronchiolar hypertrophy
Synthetic a-silica: Precipitated silica (Zeosil 45)
Arts et al. 2007
3 Rat (Wistar) 5 days 0,1,5,25 Bl BW, CS, BdWt 25M
10M 6 hours/day FI, HP, OW Resp 5M 25 M Accumulation of alveolar macrophages,
(N) mild bronchial/bronchiolar hypertrophy
Synthetic a-silica: Silica gel (Syloid 74)
Arts et al. 2007
4 Rat (Wistar) 2 weeks 0,17,44, BW, CS, FI, Resp 17 Respiratory distress, inflammation,
10M10F 5 days/week 164 HE, OW, pneumonia, granulomas
6 hours/day GN, HP
(WB)
Synthetic a-silica: Pyrogenic hydrophilic silica (Aerosil 200)
Reuzel et al. 1991
5 Rat (Wistar) 2 weeks 0, 46, 170, BW, CS, Fl, Resp 46 Respiratory distress, increased lung
10M,10F 5 days/week 680 HE, OW,
6 hours/day GN, HP
(WB)

Synthetic a-silica: Precipitated hydrophobic (Sipernat 228)
Reuzel et al. 1991

weight, increased cellularity, pneumonia
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/m®)  monitored Endpoint (mg/m®) (mg/m®) (mg/m3  Effects
6 Rat (Wistar) 2 weeks 0,31,87, BW,CS, Fl, Death 209 4/10 M died, 2110 F died
10M10F 5 days/week 209 HE, OW,  Resp 31 Increased lung weight, respiratory
6 hours/day GN, HP distress, increased cellularity, edema,
(WB) granulomas
Synthetic a-silica: Pyrogenic hydrophobic silica (Aerosil R 974)
Reuzel et al. 1991
7 Rat (Crl:CD 2 weeks 0,101, Bl Resp 101 M 505M 25-fold increase of neutrophils in BAL
BR)B M 5 days/week 50.5, 154
6 hours/day
(N)
Synthetic a-silica: Colloidal silica (Ludox)
Warheit et al. 1991, 1995
8 Rat (Cr:CD 3 days 0,10,100 BI Resp 10M 40% increased neutrophils and 200%
BR) 24 M 6 hours/day increased LDH activity in BAL
(N)
Synthetic a-silica: Precipitated silica (Zeofree 80)
Warheit et al. 1995
9 Guinea pig 8 hours 0,53 GN, HP Resp 53 Macrophage infiltration, dilatation of
(albinc) 9B (WB) bronchioles and alveolar ducts
Synthetic a-silica: Pyrogenic silica (NS)
Schepers et al. 1957b
10 Guinea pig 24 hours 0,53 GN, HP Resp 53 Macrophage infiltration, alveolar
(albino)4 B (WB) hyperemia, focal petechiae, moderate
bronchiole epithelial desquamation, slight
apical emphysema
Synthetic a-silica: Pyrogenic silica (NS)
Schepers et al. 1957b
INTERMEDIATE EXPOSURE
11 Rat (Fischer- 13 weeks 0,504 BIl, HP Resp 50.4 M Lung inflammation, proliferative
344)4 M 5 days/week responses, fibrosis
6 hours/day
(WB)

Synthetic a-silica: Pyrogenic hydrophilic silica (Aerosil 200)

Johnston et al. 2000
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/m?®  monitored Endpoint (mg/m® (mg/m?) (mg/m®)  Effects
12 Rat (Cr:DC 4 weeks 0,10, 50, BC, BW, Bd Wt 150 M
BR)25M S days/week 150 CS, HE, HP, Resp 10M 50 M Inflammation, hyperplasia
6 hours/day oW, UR

Hepatic 150M

Renal 150 M

Synthetic a-silica: Colloidal silica (Ludox)
Lee and Kelly 1992

13 Rat (Wistar) 13 weeks 0.1,6,30 BC, Bl, BW, Bd Wt 30

70M,70F 5 days/week CS, Fl, HE, Resp 1 Increased cellularity, inflammation,
6 hours/day OW, GN, increased collagen content, fibrosis
(VR HP.UR  cardio 30
Gastro 30
Hemato 6 30 2-3-fold increase in neutrophils
Musc/skel 30
Hepatic 30
Renal 30
Dermal 30
Ocular 30
Endocr 30
Immuno 30
Neuro 30
Repro 30

Synthetic a-silica: Pyrogenic hydrophilic silica (Aerosil 200)
Reuzel et al. 1991

14 Rat (Wistar) 13 weeks 0, 30 BC, Bl, BW, Bd Wt 30
70M,70F 3 days/week CS, FILHE, Resp 30 Increased lung weight, increased
6 hours/day OW, GN, cellularity, inflammation, granuloma,
(WB) HP, UR increased collagen content
Cardio 30
Gastro 30

Musc/skel 30
Hepatic 30
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/m?®) monitored Endpoint (mg/m®) (mg/m®) (mg/md) Effects
Renal 30
Dermal 30
Ocular 30
Endocr 30
Immuno 30
Neuro 30
Repro 30

Synthetic a-silica: Pyrogenic hydrophobic silica (Aerosil R 974)
Reuzel et al. 1991

15 Rat (Wistar) 13 weeks 0,30 BC, Bl, BW, Bd Wt 30
70M70F 5 daysiweek CS, Fl, HE, Resp 30 Increased lung weight, increased
6 hours/day OW, FN, cellularity, inflammation, increased
(WB) HP, UR collagen content
Cardio 30
Gastro 30
Hemato 30
Musc/skel 30
Hepatic 30
Renal 30
Dermal 30
Ocular 30
Endocr 30
Immuno 30
Neuro 30
Repro 30

Synthetic a-silica: Precipitated hydrophobic (Sipernat 228)
Reuzel et al. 1991
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters  (mg/m?®) monitored  Endpoint (mg/m?®) (mg/m?) (mg/m?®)  Effects
16 Rat (Wistar) 4-6 months 0, 10.9 HP, OW Resp 109 M Macrophage infiltration in lung-associated
5M 5 days/week lymph nodes; enlarged pulmonary lymph
7 hours/day nodes
(WB)

Synthetic a-silica: Vitreous a-silica (NS)
Rosenbrunch 1992

17 Rat (S-D) 35—~ 3-12 months 0, 53 LE, GN, HP Death 53 96% mortality; majority of deaths
42 B 5 days/week occurred between 4 and 9 months
8 hours/day Resp 53 Macrophage infiltration, cellular nodules,

(WB)

Synthetic a-silica: Pyrogenic silica (NS)
Schepers et al. 1957a [classified at intermediate because only one animal survived until 12-month terminal sacrifice]

focal emphysema

18 Rat (Cr:CD 4 weeks 0, 10.1, Bl Resp 101M 505M 200-fold increase of neutrophils in BAL
BR)6 M 5 days/week 50.5, 154
6 hours/day
(N)

Synthetic a-silica: Colloidal silica (Ludox)
Warheit et al. 1991, 1995

19 Guinea pig 2-10 months 0, 53 LE, GN, HP Resp 53 Macrophage infiltration, alveolar
(albino) 42 B 5 daysfweek vacuolation, stenosis, focal fibrosis,
8 hours/day emphysema
(WB)

Synthetic a-silica: Pyrogenic silica (NS)
Schepers et al. 1957b

20 Rabbit (New 3-12 months 0, 53 LE, CS, Resp 53 Macrophage infiltration, cellular nodules,
Zealand) 6 M, 5 days/week BW, GN, ductal stenosis, emphysema, collagen
4F 8 hours/day HE, HP, OF deposition

(WB)

Synthetic a-silica: Pyrogenic silica (NS)
Schepers et al. 1957¢ [Study classified as intermediate because only 1 rabbit survived until 12-month sacrifice; most died due to experimental error]
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Table 2-1. Levels of Significant Exposure to Silica - Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key®* No./group parameters (mg/m®  monitored Endpoint (mg/m®) (mg/m?) (mg/m3)  Effects
21 Rabbit (NS) 50 weeks 0,72 LE, BW, Death 124 18/39 died
39NS 5 days/week (TWA) GN, HP Resp 72 Macrophage infiltration, alveolar
8 hours/day epithelization
(WB)

Natural a-silica: Raw diatomaceous earth (0% c-silica)
Tebbens et al. 1957

CHRONIC EXPOSURE

22 Monkey 13months 0,94 BC, BW, Bd Wit 9.4 M
(Cynomolgus) 5 days/week CS,Fl, HE, Resp 9.4M Macrophage/mononuclear cell

7-10M 6 hours/day HP, OW, aggregates, impaired pulmonary function

(e} oF Cardio  9.4M

Gastro 94 M

Hemato 9.4 M

Hepatic 9.4 M

Renal 9.4 M

Dermal 94M

Endocr 94M

Immuno 9.4 M

Repro 94 M

Synthetic a-silica: Silica gel (NS)
Groth et al. 1981

23 Monkey 13 months 0,9.9 BC, BW, Bd Wit 9.9M
(Cynomolgus) 5 days/week CS,Fl, HE, Resp 9.9M Macrophage/mononuclear cell

9-10M 6 hours/day HP, OW, aggregates, impaired pulmonary function

(WE) oF Cardio 9.9M

Gastro 99 M

Hemato 99M

Hepatic 9.9 M

Renal 99 M

Dermal 99M
Endocr 99 M
Immuno 99 M
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL
key? No./group parameters (mg/m®  monitored Endpoint (mg/m3® (mg/m?) Effects
Repro 99 M
Synthetic a-silica: Pyrogenic silica (NS)
Groth et al. 1981
24 Monkey 18 months 0,6.9 BC, BW, Bd Wt 6.9M
(Cynomolgus) 5 days/week CS,Fl, HE, Resp 6.9M Macrophage/mononuclear cell
10M 6 hours/day HP, OW, aggregates, impaired pulmonary
(WB) OF function
Cardio 6.9 M
Gastro 6.9 M
Hemato 69M
Hepatic 6.9M
Renal 69 M
Dermal 69 M
Endocr 6.9M
Immuno 69M
Repro 6.9 M
Synthetic a-silica: Precipitated silica (NS)
Groth et al. 1981
25 Monkey 12 months 0, 15 BW, CS, Resp 15F Macrophage infiltration, emphysema,
(Macaque) 8 hours/day GN, HP bronchiole and alveolar hypertrophy,
5-15F 5 days/week stenosis, fibrosis and slight collagen
(WB) deposition
Cardio 15F Cardiac hypertrophy
Hepatic 15F Hepatocellular vacuolization
Renal 15F Renal congestien and cloudy swelling of
the convoluted tubules
Endocr 15F
Immuno 15F

Synthetic a-silica: Precipitated silica (NS)
Schepers 1962
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2. HEALTH EFFECTS

Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/m®  monitored Endpoint (mg/m® (mg/m?®) (mg/m®)  Effects
26 Rat (Sprague- 12 months 0, 9.9 BC, BW, Bd Wt 99 M
Dawley) 5 days/week CS, FI, HP, Resp 90 M
13M 6 hours/day HE, OW Cardio 99 M
(WB)
Gastro 9.9M
Hemato 99M
Hepatic 99M
Renal 99 M
Dermal 99M
Endocr 99M
Immuno 9.9M
Repro 99 M
Synthetic a-silica: Pyrogenic silica (NS)
Groth et al. 1981
27 Rat (Sprague- 12 months 0,94 BC, BW, Bd Wt 94 M
Dawley) 5 daysfweek CS,FI,HP, Resp 9.4 M
24 M 6 hours/day HE, OW Sardio 94 M
(WB)
Hemato 94 M
Hepatic 9.4 M
Renal 9.4 M
Dermal 9.4 M
Endocr 94 M
Immuno 9.4 M
Repro 94 M
Synthetic a-silica: Silica gel (NS)
Groth et al. 1981
28 Rat (Sprague- 12 months 0, 6.9 BC, BW, Bd Wt 6.9 M
Dawley) 5 days/week CS, FI, HE, Resp 69M
19M 6 hours/day HP, OW Cardio 6.9 M
(WB)
Gastro 6.9M
Hemato 6.9M
Hepatic 6.9M
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2. HEALTH EFFECTS

Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/m®  monitored Endpoint (mg/m®) (mg/m°) (mg/m®)  Effects
Renal 6.9M
Dermal 69M
Endocr 6.9M
Immuno 6.9M
Repro 6.9M

Synthetic a-silica: Precipitated silica (NS)
Groth et al. 1981

29 Rat (Wistar) 12months 0, 10.9 HP, OW Resp 10.9M Macrophage infiltration in lung-associated
10-15 M 5 daysfweek lymph nodes, enlarged pulmonary lymph
7 hours/day nodes
(WB)

Synthetic a-silica: Vitreous a-silica (NS)
Rosenbrunch 1992

30 Rat (NS) 15 months 0, 126 oW, HP Resp 126 Increased lung weight, macrophage
50-57 NS 7 days/week accumulation
8 hours/day
(WB)

Synthetic a-silica: Precipitated silica (HI-SIL 233)
Schepers 1981

31 Guinea pig 12 months 0, 9.9 BC, BW, Bd Wit 9.9 M
(Hartley) 5 days/week CS, FI, HE, Regp 9.9M
15M 6 hours/day HP, OW Eardio 9.9 M
(WB)
Gastro 99 M
Hemato 9.9M
Hepatic 9.9M

Renal 99 M
Dermal 99 M

Endocr 99 M
Immuno 9.9 M
Repro 99 M

Synthetic a-silica: Pyrogenic silica (NS)
Groth et al. 1981
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Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/m®  monitored Endpoint (mg/m® (mg/m®) (mg/m®  Effects
32 Guinea pig 12 months 0,6.9 BC, BW, Bd Wit 6.9 M

(Hartley) 5 days/week CS, Fl, HE, Resp 69 M

15M 6 hours/day HP, OW Gardio 6.9 M

(WB)
Gastro 6.9M
Hemato 6.9M
Hepatic 6.9 M
Renal 6.9M
Dermal 6.9M
Endocr 6.9M
Immuno 6.9M
Repro 6.9 M
Synthetic a-silica: Precipitated silica (NS)
Groth et al. 1981
33 Guinea pig 12 months 0, 9.4 BC, BW, Bd Wi 94 M
(Hartley) 5 days/week CS, Fl, HE, Resp 94 M
15 M & hours/day HP, OW Cardio 94 M
(WB)
Gastro 94 M
Hemato 9.4 M
Hepatic 94 M
Renal 94 M
Dermal 94 M
Endocr 94 M
Immuno 9.4 M
Repro 9.4 M

Synthetic a-silica: Silica gel (NS)
Groth et al. 1981
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2. HEALTH EFFECTS

Table 2-1. Levels of Significant Exposure to Silica — Inhalation

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/m®  monitored Endpoint (mg/m? (mg/m3) (mg/m®)  Effects
34 Guineapig 24 months 0, 126 ow, HP Resp 126 Increased lung weight, macrophage
(NS) 82— 7 days/week accumulation
100 NS 8 hours/day
(WB)
Synthetic a-silica: Precipitated silica (HI-SIL 233)
Schepers 1981
35 Guinea pig 12— 0, 53 LE, GN, HP Resp 53 Macrophage infiltration, alveolar
(albino) 24 months vacuolation, stenosis, fibrosis,
42B 5 days/week emphysema
8 hours/day
(WB)

Synthetic a-silica: Pyrogenic silica (NS)
Schepers et al. 1957b

36 Rabbit (New up to 24 0, 30, 130, LE, CS, Death 130 >50% mortality
Zealand) NS months 260 BW, BC, Resp 30 Dyspnea, macrophage infiltration,
5 days/week HE, OF stenosis, emphysema, sclerosis and
SVGSUFSfdaV epithelization, granulomatosis
(WE) Cardio 30 Hypertension, ventricular and auricular
hypertrophy
Synthetic a-silica (NS)
Schepers 1959
37 Rabbit (NS) 12 months 0, 126 Oow, HP, Resp 126 Macrophage accumulation
10 exposed, 7 days/week OF, HE Cardio 126 Increased cardiac ventricular pressure
50 control 8 hours/day
(NS) (WB)
Synthetic a-silica: Precipitated silica (HI-SIL 233)
Schepers 1981

aThe number corresponds to entries in Figure 2-1; differences in levels of health effects and cancer effects between male and females are not indicated in Figure 2-1.
Where such differences exist, only the levels of effect for the most sensitive sex are presented.

a-silica = amorphous silica; B = both male(s) and female(s); BAL = bronchoalveolar lavage; BC = serum (blood) chemistry; Bd Wt or BW = body weight; Bl = biochemical
changes; c-silica = crystalline silica; Cardio = cardiovascular; CS = clinical signs; Endocr = endocrine; F = female(s); FI = food intake; Gastro = gastrointestinal; GN = gross
necropsy; HE = hematology; Hemato = hematological; HP = histopathology; Immuno = immunological; LDH = lactate dehydrogenase; LE = lethality; LOAEL = lowest-
observed-adverse-effect level; M = male(s); Musc/skel = musculoskeletal; (N) = nose-only; Neuro = neurological; NOAEL = no-observed-adverse-effect level; NS = not
specified; OF = organ function; OW = organ weight; Repro = reproductive; Resp = respiratory; TWA = time-weighted average; UR = urinalysis; (\WWB) = whole body
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Figure 2-1. Levels of Significant Exposure to Silica — Inhalation
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Figure 2-1. Levels of Significant Exposure to Silica — Inhalation
Intermediate (15-364 days)
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Figure 2-1. Levels of Significant Exposure to Silica — Inhalation
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Figure 2-1. Levels of Significant Exposure to Silica — Inhalation
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Figure 2-1. Levels of Significant Exposure to Silica — Inhalation
Chronic (2365 days)
— Gastrointestinal Hematological Hepatic Renal
100 E
£
o
= 3K 3K
g BE 2R 16 g a2z K 26R 37p 116 126 2ag B g 27R3G 336 g R o 4w 316 335G
. o0 O 0 ¢ o0 Co © o oC Og O ¢ o0 o C o0
00O O 0O O 00 o™ oo
24K 2BR 351G 24K 28R 322G 22K 28R, 32G 23K 18R 312G
14
0.1
K—Mn_nkey cAnima - NOAEL
gigi;nea pig  ®Anima - LOAEL, Less Serious




SILICA

1007 1

100 4

ppm

10 4

2. HEALTH EFFECTS

32

Figure 2-1. Levels of Significant Exposure to Silica — Inhalation
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2. HEALTH EFFECTS

Table 2-2. Levels of Significant Exposure to Crystalline Silica — Oral

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL

key? No.group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

ACUTE EXPOSURE

1 Rat 8 days 0, 50 BW,FI,WI, BdWt 50M
ga[\)lb“inm) (W) OF, UR Renal 50 M

Sodium metasilicate
Oner et al. 2005, 2006

INTERMEDIATE EXPOSURE

2 Guinea pig 4 months 0.04, 51 HP Renal 51 M
(NS)86 M 5 days/week
(W)
Granite
Dobbie and Smith 1982
3 Guinea pig 4 months 0.04, 51 HP Renal 51M
(NS)6M 5 days/week
(W)
Quartz
Dobbie and Smith 1982
CHRONIC EXPOSURE
4 Human NS 0.13 BH, OF Neuro 0.13F Cognitive function did not decline
7,598 F (W) with increasing silica content in
drinking water.
Unspecified
Gillette-Guyonnet et al. 2005
5 Human NS 0.15 BH, OF Neuro 0.15 Cognitive function did not decline
3777 B (W) with increasing silica content in
drinking water.
Unspecified

Jacgmin-Gadda et al. 1996

#The number corresponds to entries in Figure 2-2; differences in levels of health effects and cancer effects between male and females are not indicated in Figure 2-2.
Where such differences exist, only the levels of effect for the most sensitive sex are presented.

B = both male and female; Bd Wt or BW = body weight; BH = behavior; F = female(s); Fl = food intake; HP = histopathology; LOAEL = lowest-observed-adverse-effect
level; M = male(s); Neuro = neurclogical; NOAEL = no-observed-adverse-effect level; NS = not specified; OF = organ function; UR = urinalysis; (W) = water; WI = water
intake
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2. HEALTH EFFECTS

Table 2-3. Levels of Significant Exposure to Amorphous Silica - Oral

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

ACUTE EXPOSURE

1 Rat Once 2,500, BW, CS, FI, BdWt 5,000
(Sprague- (GO) 5,000 mg/kg GN, LE
Dawley)
10M,10F

Synthetic a-silica: Pyrogenic silica (Aerosil R 972)
Lewinson et al. 1994

2 Rat Once 5,040, BW, CS, Fl, BdWt 7,900
(Sprague- (GO) 6,350, GN, LE
Dawley) 7,900
10M,10F

Synthetic a-silica: Precipitated silica (Sipernat D 17)
Lewinson et al. 1994

3 Rat 2 weeks 2,000, LE Death 16,000 20% mortality
(Wistar) (F) 4,000,
10M,10F 8,000,
16,000

Synthetic a-silica: Pyrogenic silica (Aerosil R 972)
Lewinson et al. 1994 [The same animals were used in each dose group; dose was increased in step-wise manner every 2 weeks]

INTERMEDIATE EXPOSURE

4 Rat 5-8 weeks 0, 500, BW, CS,FI, BdWt 1,000 7,500 Decreased body weight
(Wistar) (F) 1,000, GN, HE, HP Hemato 7,500
10M,10F 7,500 Hepatic 1,000 7,500 Severe atrophy of liver epithelium
(TWA)
Renal 7,500

Synthetic a-silica: Pyrogenic silica (Aerosil R 972)
Lewinson et al. 1994 [High-dose group used step-wise increases from 2,000 to 16,000 mg/kg/day, doubling every 2 weeks]
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Table 2-3. Levels of Significant Exposure to Amorphous Silica — Oral
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Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mgfkg/day) (mg/kg/day) Effects
5 Rat 6 months 0, 500 BW, CS,Fl, BdWt 500

(Wistar)  (F) GN, HE, Resp 500

20M,20F HP, OW Cardio 500

Gastro 500
Hemato 500
Hepatic 500
Renal 500
Endocr 500
Immuno 500
Neuro 500
Repro 500
Synthetic a-silica: Pyrogenic silica (Aerosil R 972)
Lewinson et al. 1994
6 Rat 6 months 0, 500 BW, CS, Fl, Repro 500
(Wistar) 1 generation OF, DX Develop 500
10F,2M (F)
Synthetic a-silica: Pyrogenic silica (Aerosil R 972)
Lewinson et al. 1994
7 Rat (CD) 4 weeks 0, 800 BC, BW, Bdwt 800
15M,15F (F) CS,HE,  Hemato 800
S\év HP, Renal 800

Silicon dioxide (NS)
Newberne and Wilson 1970
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Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
8 Rat 26 weeks M: 0,530, BC, BW, Bdwt 2410F
(F344) (F) 1,080, CS, FI, GN, 2220 M
10M,10F 2,220 (l-)IEV HP, LE, Cardio 1,160F 2410F 14% decrease in heart weight
F: 0, 570, 2,220 M
1,160, Hemato 2,410F
2,410 2,220 M
Hepatic 2,410F
2,220 M
Renal 2,410F
2220M
Immuno 1,160 F 2410F 18% decrease in spleen weight
2,220 M
Neuro 2410F
2,220 M
Synthetic a-silica: Silica gel (Syloid 244)
Takizawa et al. 1988
] Rat ~18 weeks/ 0, 100, 300, BW, FI, CS, BdWt 1,000
(Wistar) generation 1,000 DX, GN, Hepatic 1,000
28 M, 28 F 2 generations HP, OW,
Renal 1,000
(G) OF
Endocr 1,000
Neuro 1,000
Repro 1,000
Develop 1,000

Synthetic a-silica: Precipitated silica (NM-200)
Woterbeek et al. 2015 [vehicle was MHCP]
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Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
10 Mouse 26 weeks M: 0, 1,560, BC, BW, Bdwt 9810F
(BBC3F1) (F) 3,280, CS, FI, GN, 6,700 M
ToM.10F 6,700 BE\’,HP' LE, Cardio 2,070F 3,780F 19% decrease in heart weight
F: 0, 2070, 6,700 M
3,780, Hemato 9,810 F
9,810 6,700 M
Hepatic 3,780 F 9810F 16% decrease in liver weight
6,700 M
Renal 2070 F 3,780 F 15% decrease in kidney weight
6,700 M
Immuno 9,810 F
3,280 M 6,700 M 20% decrease in spleen weight
Neuro 9,810 F
6,700 M
Synthetic a-silica: Silica gel (Syloid 244)
Takizawa et al. 1988
11 Dog 4 weeks 0, 800 BC, BW, BdwWt 800
(Beagle) (F) CS,HE,  Hemato 800
g O or " Renal 800
Silicon dioxide (NS)
Newberne and Wilson 1970
CHRONIC EXPOSURE
12 Rat 52 weeks M: 0,490, BC, BW, BdWt 2220F
(F344) (F) 990, 2,030 CS, FI, GN, 2.030 M
Ll —_—— A AP LE Cardio  2,220F
1,080, 2,030 M
2,220 Hemato 2,220 F
2,030 M
Hepatic 2,220 F

2,030M
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Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No./group parameters (ma/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
Renal 2220F
2,030 M
Immuno 2,220 F
2,030 M
Neuro 2,220F
2,030 M
Synthetic a-silica: Silica gel (Syloid 244)
Takizawa et al. 1988
13 Rat 103 weeks M: 0, 450, BC, BW, Bdwt 2,020F
(F344) (F) 910, 1,900 CS, Fl, GN, 1,900 M
Havsd Fo480, oW | Cardo 2020F
980, 2,020 1,900 M
Hemato 2,020 F
1,900 M
Hepatic 480F 980 F 14% decrease in liver weight
1,900 M
Renal 2,020F
1,900 M
Immuno 2,020 F
1,900 M
Neuro 2,020 F
1,900 M
Cancer No exposure-related neoplasms

Synthetic a-silica: Silica gel (Syloid 244)
Takizawa et al. 1988
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Table 2-3. Levels of Significant Exposure to Amorphous Silica — Oral

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key? No.group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects
14 Mouse 52 weeks M: 0, 1,410, BC, BW, Bdwt 7,560F
(BBC3F1) (F) 2,960, CS, FI, GN, 6,100 M
10M,10F 6,100 g&,HP' LE, Cardic 1,640F 2970F 13% decrease in heart weight
F: 0, 1,640, 6,100 M
2,970, Hemato 7,560 F
7,560 6,100 M
Hepatic 7,560 F
6,100 M
Renal 7,560 F
6,100 M
Immuno 7,560 F
6,100 M
Neuro 7,560 F
6,100 M

Synthetic a-silica: Silica gel (Syloid 244)
Takizawa et al. 1988

15 Mouse 93 weeks M: 0, 1,310, BC, BW, Bdwt 6,010F

(B6C3F1) (F) 2,810, CS, FI, GN, 5.910 M
1820 M 5,91 \ wLE; ;

1820F o Gade soDF
F: 0, 1,410, ’

2.480, Hemato 6,010 F

6,010 5,910 M

Hepatic 6,010 F

5910 M

Renal 6,010 F

5910 M

Immuno 6,010 F
5910 M
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Table 2-3. Levels of Significant Exposure to Amorphous Silica — Oral

Species Less serious Serious
Figure (strain) Exposure Doses Parameters NOAEL LOAEL LOAEL
key?* No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effects

Neuro 6,010F
5910 M

Cancer No exposure-related neoplasms
Synthetic a-silica: Silica gel (Syloid 244)
Takizawa et al. 1988

aThe number corresponds to entries in Figure 2-3; differences in levels of health effects and cancer effects between male and females are not indicated in Figure 2-3.
Where such differences exist, only the levels of effect for the most sensitive sex are presented.

a-silica = amorphous silica; BC = serum (blood) chemistry; Bd Wt or BW = body weight; Cardio = cardiovascular; CS = clinical signs; Develop = developmental;

DX = developmental toxicity; Endocr = endocrine; F344 = Fischer-344; (F) = food; F = female(s); Fl = food intake; (G) = gavage; (GO) = gavage in oil,

Gastro = gastrointestinal; GN = gross necropsy; HE = hematology; Hemato = hematological; HP = histopathology; Immuno = immunological; LE = lethality;

LOAEL = lowest-observed-adverse-effect level; M = male(s); MHCP = methylhydroxypropylcellulose; Neuro = neurological; NOAEL = no-observed-adverse-effect level,
NS = not specified; OF = organ function; OW = organ weight; Repro = reproductive; Resp = respiratory; TWA = time-weighted average; UR = urinalysis
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Figure 2-3. Levels of Significant Exposure to Amorphous Silica — Oral
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Figure 2-3. Levels of Significant Exposure to Amorphous Silica — Oral
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2. HEALTH EFFECTS

2.2 DEATH

Crystalline Silica, Inhalation. Prolonged occupational exposure has been associated with increased risk
for silicosis and lung cancer, both of which can be lethal. Details are provided in Sections 2.4

(Respiratory) and 2.19 (Cancer).

Crystalline Silica, Oral. No studies evaluating mortality in humans following oral exposure to c-silica
were identified. No mortalities were observed in 3-month-old albino rats exposed to 50 mg
c-silica/kg/day as sodium metasilicate in drinking water for 8 days (Oner et al. 2005, 2006). No
mortalities were observed in guinea pigs exposed to 51 mg c-silica’/kg/day as crushed quartz or granite in

drinking water for 5 days/week for 4 months (Dobbie and Smith 1982).

Amorphous Silica, Inhalation. No studies evaluating death in humans following inhalation exposure to
a-silica were identified. In the only animal study evaluating natural a-silica, 18/39 rabbits died within

9 weeks of exposure to raw diatomaceous earth (0% crystalline content) at dust levels of 124 mg/m’ for

8 hours/day, 5 days/week (Tebbens et al. 1957). The study authors indicated that it was unclear if these
deaths were attributable to exposure; however, no further deaths were observed when the dust levels were

reduced to 60 mg/m’ for the remaining 41 weeks of the study.

No mortalities were observed in an acute study in rats exposed to pyrogenic a-silica at 477 mg/m® for

4 hours (Lewinson et al. 1994). In a 2-week study in rats exposed to pyrogenic a-silica, 4/10 males and
2/10 females died following exposure to 209 mg/m’ 6 hours/day for 5 days/week; no mortalities were
observed at <87 mg/m’® (Reuzel et al. 1991). No deaths were observed in rats similarly exposed to
precipitated a-silica at concentrations up to 668 mg/m’ (Reuzel et al. 1991). In rats exposed to pyrogenic
a-silica at 53 mg/m’ 8 hours/day for 5 days/week, a 74% mortality rate was reported by the study authors
(Schepers et al. 1957a). However, the study authors also indicated that only one rat survived until
scheduled sacrifice at 12 months (with three rats sacrificed each at 3, 6, and 9 months), suggesting 96%
mortality in the main study group. The majority of unscheduled deaths occurred between 4 and 9 months;
therefore, this study is reported as an intermediate-duration study in Table 2-1. No deaths occurred when
rats were similarly treated for 1 month or guinea pigs were similarly treated for up to 24 months
(Schepers et al. 1957a, 1957b). When rabbits were exposed to an unspecified synthetic a-silica compound
(0% c-silica) for 8 hours/day, 5 days/week for up to 24 months, survival was <50% by 9 months at 130

mg/m’ and by 3 months at 260 mg/m* (Schepers 1959).
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In other studies, no treatment-related changes in survival were reported in laboratory animals (rats,
rabbits, guinea pigs, and monkeys) exposed to various forms of synthetic a-silica for 6 hours/day,

5 days/week at concentrations up to 25 mg/m’ for | week (Arts et al. 2007), 150 mg/m?* for 4 weeks (Lee
and Kelly 1992), 30 mg/m® for 13 weeks (Reuzel et al.1991), up to 9.9 mg/m’ for up to 18 months (Groth
etal. 1981), or 126 mg/m® for 8 hours/day, 7 days/week for 12-24 months (Schepers 1981).

Amorphous Silica, Oral. No studies evaluating mortality in humans following oral exposure to a-silica
were identified. In an L.Dsg study in Sprague-Dawley rats, no deaths were observed during the 4-week
observation period following single oral exposures to precipitated a-silica at doses up to 7,900 mg/kg via
gavage in olive oil or pyrogenic a-silica at doses up to 5,000 mg/kg via gavage in peanut oil (Lewinson et

al. 1994).

In an intermediate-duration dietary study in Wistar rats, 2/10 males and 2/10 females died during the

8™ (and final) week of exposure to time-weighted average (TWA) pyrogenic a-silica doses of

7,500 mg/kg/day (Lewinson et al. 1994). Daily doses were 2,000 mg/kg/day during weeks 02,

4,000 mg/kg/day during weeks 2—4, 8,000 mg/kg/day during weeks 4-6, and 16,000 mg/kg/day during
weeks 6-8. Mortalities were attributed to acute exposure to the highest administered dose of

16,000 mg/kg/day. Clinical signs of toxicity observed during weeks 68 included shyness, dirty fur,
reduced activity, cachexia, and hemorrhage in the mucous membranes of the eyes and nose. No deaths
wetre observed in rats exposed to dietary pyrogenic a-silica at doses up to 1,000 mg/kg/day for 5 weeks or
500 mg/kg/day for 6 months (Lewinson et al. 1994). Similarly, no exposure-related deaths were observed
in FO or F1 rats exposed to precipitated a-silica at gavage doses up to 1,000 mg/kg/day for approximately
18 weeks (Wolterbeek et al. 2015). Mortality in F344 rats and B6C3F 1 mice exposed to dietary a-silica
gel for 6 months was comparable to controls at doses up to 2,413 and 9,810 mg/kg/day, respectively

(Takizawa et al. 1988).

In a 2-year bioassay, mortality in animals exposed to a-silica gel was similar to controls at dietary doses
up to 2,010 mg/kg/day in F344 rats and 6,010 mg/kg/day in B6C3F 1 mice (Takizawa et al. 1988).
Similarly, mortality in Wistar rats exposed to pyrogenic a-silica at dietary doses of 100 mg/kg/day for
24 months was comparable to historical controls (concurrent controls were not evaluated) (Lewinson et

al. 1994).
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2.3 BODY WEIGHT

Crystalline Silica, Oral. No studies evaluating changes in body weight in humans following oral
exposure to c-silica were identified. No significant body weight effects were observed in 3-month-old
albino rats exposed to 50 mg c-silica/kg/day as sodium metasilicate in drinking water for 8 days,
compared with controls (Oner et al. 2005, 2006); the baseline c-silica content in drinking water was

267 pg/L.

Amorphous Silica, Inhalation. No studies evaluating body weight effects in humans following
inhalation exposure to a-silica were identified. In the only animal study evaluating natural a-silica, no
body weight effects were noted in rabbits following exposure to raw diatomaceous earth (0% crystalline

content) at dust levels of 72 mg/m’ for 8 hours/day, 5 days/week for up to 50 weeks (Tebbens et al. 1957).

In 2-week concentration range-finding studies, decreased body weight gain was observed in rats exposed
to synthetic a-silica 6 hours/day, 5 days/week at concentrations =44 mg/m® pyrogenic a-silica or

170 mg/m’ precipitated a-silica, compared with controls (Reuzel et al. 1991); however, the biological
significance of these findings is unclear as the magnitude of effect was not reported. In other studies, no
body weight effects were observed in rats exposed for 6 hours/day, 5 days/week at concentrations up to
25 mg/m® pyrogenic, precipitated, or gel a-silica for 1 week (Arts et al. 2007), 150 mg/m’ colloidal
a-silica for 4 weeks (Lee and Kelly 1992), 30 mg/m’ pyrogenic or precipitated a-silica for 13 weeks
(Reuzel et al.1991), or up to 9.9 mg/m® pyrogenic, precipitated, or gel a-silica for up to 18 months (Groth
et al. 1981).

Amorphous Silica, Oral. No studies evaluating body weight effects in humans following oral exposure
to a-silica were identified. Inan LDsp study in Sprague-Dawley rats, no effects on body weight were
observed during the 4-week observation period following single oral doses of precipitated a-silica at doses

up to 7,900 mg/kg or pyrogenic a-silica at doses up to 5,000 mg/kg (Lewinson et al. 1994).

In an intermediate-duration study, mean body weight was decreased in male and female Wistar rats
exposed to pyrogenic a-silica at TWA doses of 7,500 mg/kg/day for 8 weeks, compared with controls
(Lewinson et al. 1994). Dose concentrations were 2,000 mg/kg/day during weeks 0-2, 4,000 mg/kg/day
during weeks 2—4, 8,000 mg/kg/day during weeks 4-6, and 16,000 mg/kg/day during weeks 6-8. Body
weight effects were observed during weeks 4-8. In other rat studies, no body weight effects were

observed in CD rats exposed to silicon dioxide (unspecified) at dietary doses of 800 mg/kg/day for
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4 weeks (Newberne and Wilson 1970) or Wistar rats exposed to pyrogenic a-silica at dietary doses up to
1,000 mg/kg/day for 5 weeks or 500 mg/kg/day for 6 months (Lewinson et al. 1994). Similarly, no body
weight effects were observed in FO or F1 adult rats exposed to precipitated a-silica at gavage doses up to
1,000 mg/kg/day in a 2-generation study (Wolterbeek et al. 2015). In mouse studies, no significant
effects on body weight were observed in F344 rats or B6C3F1 mice exposed to a-silica gel at dietary
doses up to 2,410 or 9,810 mg/kg/day, respectively, for 26 weeks (Takizawa et al. 1988). Additionally,
no body weight effects were observed in Beagle dogs exposed to silicon dioxide (unspecified) at dietary

doses of 800 mg/kg/day for 4 weeks (Newberne and Wilson 1970).

In a chronic-duration study, body weights in Wistar rats exposed to pyrogenic a-silica at dietary doses of
100 mg/kg/day for 24 months were comparable to historical controls (concurrent controls were not
evaluated) (Lewinson et al. 1994). Similarly, no significant body weight effects were observed in F344
rats exposed to a-silica gel at dietary doses up to 2,200 mg/kg/day for 52 weeks or 2,010 mg/kg/day for
103 weeks (Takizawa et al. 1988). In B6C3FI mice, no significant body weight effects were observed
following exposure to dietary a-silica (silicon dioxide) at doses up to 7,560 mg/kg/day for 52 weeks or

6,010 mg/kg/day for 93 weeks (Takizawa et al. 1988).

2.4 RESPIRATORY

Crystalline Silica, Inhalation.

Silicosis; Pathologic Features and Clinical Presentation. Unless otherwise noted, information in the

following section was taken from these reviews: Akgun (2016); Bang et al. (2015); Beckett et al. (1997);
Castrainova and Vallyathan (2000); Ding et al. (2002); EPA (1996); Fujimura (2000); Greaves (2000);
Greenberg et al. (2007); IARC (1997); Kambouchner and Bernaudin (2015); Leung et al. (2012);
Mossman and Churg (1998); Mossman and Glenn (2013); NIOSH (1986); NIOSH (2002); Peters (1986);
Rimal et al. (2005); Steenland (2005); Steenland and Ward (2014); and Stratta et al. (2001a).

Silicosis is one of the oldest known occupational diseases, reported by ancient Greeks and Romans. It has
only been observed following occupational exposure to respirable ¢-silica and not through exposure to
c-silica in ambient air (Beckett et al. 1997; Steenland and Ward 2014). As stated by Steenland and Ward
(2014), “while there is also some low-level c-silica exposure on beaches and in ambient air in general,
there is no evidence such low-level exposure causes health effects.” Silicosis is a progressive,

irreversible, fibrotic lung disease resulting from inhalation and pulmonary deposition of respirable dust
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containing c-silica. The causal relationship between inhalation of c-silica and development of this severe,
debilitating lung disease is well-established and not under dispute. No other substances, including
a-silica, are known to produce the unique pathological changes observed in silicosis. In the United States,
despite improved industrial hygiene methods and more stringent recommended exposure limits, new

cases of silicosis continue to be diagnosed. There is no known curative treatment for silicosis.

Silicosis is not a single disease entity, but is classified as different types: acute silicosis (also called
silicoproteinosis or alveolar proteinosis), simple silicosis (also called chronic or nodular silicosis),
progressive massive fibrosis (PMF) (also called conglomerate silicosis or complicated silicosis; a
progression of simple silicosis), and accelerated silicosis (a rapidly progressive form of simple (chronic)
silicosis). Type and severity of silicosis can be influenced by the intensity (frequently referred to as
concentration), frequency, and duration of exposure. Cumulative c-silica dose, expressed as mg/m*-year,
is the most important factor in the development of silicosis. Silicosis can result in death due to respiratory
failure. Time from first exposure to onset of disease (i.e., the latency period) varies inversely with
intensity of exposure and may be as short as a few weeks for acute silicosis to as long as 20 or more years
for simple silicosis and PMF. Due to the long latency period, patients may not be diagnosed until several
years after exposure has ended. Disease severity may continue to slowly increase over decades even after
exposure has been discontinued, possibly due to c-silica dust that is retained in the lung. Thus, cessation
of exposure does not necessatily prevent development or progression of silicosis. Silicosis is diagnosed
based on a known history of exposure to dust containing c-silica and radiographic findings, including the
presence of nodules on chest radiograph or computed tomography (CT) scan, along with ruling out other
diseases that may mimic silicosis (e.g., fungal infections, sarcoidosis). Pulmonary function tests are
useful for determining severity, but not as useful as a diagnostic tool for silicosis as no pattern of lung

function abnormality is specific for c-silica exposure or silicosis.

Simple silicosis. Simple silicosis, also called chronic or nodular silicosis, is the most common type of
silicosis. It occurs following long periods (10—>20 years) of continuous exposure to relatively low levels
of c-silica dust, although “relatively low levels” has not been defined in quantitative terms. Simple
silicosis can be either a restrictive, obstructive, or mixed lung disease characterized by diffuse, multiple
nodular lesions in lung parenchyma and associated lymphoid tissue and lymph nodes, and fibrotic lesions
of the pleura. Nodules, are typically small (<1 mm in diameter) and more prominent in upper lobes of the
lung; those in close proximity to small and medium airways cause narrowing and distortion of the airway
lumen. Fibrotic nodules appear as concentric arrangements of whorled collagen fibers with central

hyalinized zones; calcification and necrosis occur to varying degrees. Nodules also may contain c-silica
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inclusions. Macrophages, fibroblasts, and lymphocytes are observed at the periphery of the nodules, and
the pleura may appear thickened. Early in disease development, radiography typically shows small,
round opacities of the upper lung. With disease progression, nodules become larger and denser and may
be observed in the lower lung in more severe cases. Scarring and hypertrophy of bronchial-associated

lymphoid tissue and intrapulmonary lymph nodes lead to compression of larger airways.

Early symptoms of simple silicosis are dyspnea on heavy exertion and dry cough; however, some patients
may be asymptomatic. Pulmonary function and general health typically may not be compromised during
the early stages. As the disease progresses, frequency and intensity of cough increases and sputum
production may occur; dyspnea also occurs more frequently with less exertion. Decrements in lung
function are often observed (e.g., nonreversible airflow obstruction, volume restriction, impaired gas
exchange, pulmonary hypertension, right heart strain, and cor pulmonale), which may lead to right heart

enlargement. In the later stages, hypoxemia may develop.

Progressive Massive Fibrosis (PMF). PMF, also called conglomerate silicosis or complicated silicosis, is
a progression of simple silicosis. The factors that determine progression of simple silicosis to
complicated silicosis have not been defined, but cumulative exposure and tuberculosis are risk factors.

Complicated silicosis can develop after exposure to c-silica ceases.

Nodular lung lesions become larger (diameter >1-2 ¢cm) and coalesce to form masses of hyalinized
connective tissue, leading to destruction of the surrounding pulmonary architecture, including bronchioles
and blood vessels. Necrosis and cavitation of lesions occur and PMF develops. Restricted lung volume,
reduced pulmonary compliance, and poor gas exchange are observed. Compromised pulmonary function
can lead to right ventricular failure, congestive heart failure, and increased risk of pneumothorax. General

health significantly declines, and severe pulmonary damage can result in death.

Acute silicosis. Acute silicosis, also called silicoproteinosis or alveolar proteinosis, is a rapidly
progressive alveolar filling disease associated with heavy, intense exposure (not quantitatively defined) to
fine c-silica dusts, such as those generated during sandblasting, denim sand blasting, rock drilling, or
milling and tunneling. The time to onset for acute silicosis varies from a few weeks to <10 years after the
start of exposure, but most cases typically occur within 1-5 years. Acute silicosis frequently results in
death due to respiratory failure. Like simple and complicated silicosis, acute silicosis progresses in the

absence of further exposure.
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Pathologically, acute silicosis is characterized by alveolar filling with an eosinophilic-granular, lipid-rich
fluid containing debris from damaged cells, and interstitial inflammation with infiltration by neutrophils
and alveolar macrophages containing lamellar bodies. Diffuse interstitial fibrosis often develops and
extensive damage to the alveolar epithelium occurs. On radiography, diffuse alveolar opacification is

observed in the middle and lower lobes.

Symptoms of acute silicosis include dyspnea, labored breathing, dry cough, decreased pulmonary
function, compromised gas exchange, fever, fatigue, and weight loss. As the disease progresses, cyanosis
and respiratory failure develop. Death from respiratory failure often occurs within a few months of the

onset of symptoms.

Accelerated silicosis. Accelerated silicosis, associated with intense exposure to fine c-silica dusts, is a
rapidly progressive form of simple (chronic) silicosis. It develops 5—10 years after the start of exposure
and is typically associated with more moderate exposure (compared to simple silicosis). Symptoms are
similar to those of simple silicosis. Accelerated silicosis is associated with significant morbidity and

mortality.

Silicotuberculosis—a complication of silicosis. A complication of silicosis is superimposed pulmonary
infection with mycobacteria or fungi. The most common form of infection in c-silica-exposed workers is
tuberculosis (silicotuberculosis). The risk of tuberculosis infection increases with the severity of silicosis,
although some occupational exposure studies have reported an increased risk of tuberculosis in c-silica
workers in the absence of silicosis (Cowie 1994; teWaterNaude et al. 2006). Based on worker
compensation claims in California during the period 1946-1979, Goldsmith et al. (1995) estimated the
rate of death in males with silicotuberculosis as approximately 50 times greater than that of the general
population. The prevalence of silicotuberculosis in the United States decreased with advances in
tuberculosis drug therapy. However, due to the recent increase in drug-resistant tuberculosis, the
potential for superimposed tuberculous infection in c-silica workers is a growing concern. The
prevalence of silicotuberculosis is exacerbated by human immunodeficiency virus (HIV) epidemics,

particularly in low-income countries (Rees and Murray 2007).

Silicosis Morbidity: Incidence and Exposure-Response Data. The current number of silicosis cases in the

United States is not known (NIOSH 2002). Based on confirmed diagnoses of silicosis in Michigan and
national data on silicosis deaths, Rosenman et al. (2003) estimated that during the period of 1987-1997,

approximately 3,600-7,300 new silicosis cases were diagnosed yearly in the United States. However, it is
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likely that this incidence is underestimated due to the lack of a national surveillance system for silicosis
(Steenland and Ward 2014). Recent surveillance data for silicosis showed no decrease in hospitalization
due to silicosis in the United States over the time period 1993-2011 (Filios et al. 2015). The incidence of
silicosis is higher in less-developed countries; for example, approximately 6,000 new cases of silicosis per

year are diagnosed in China (Leung et al. 2012; Steenland and Ward 2014).

Several studies provide exposure-response data for silicosis incidence based on estimated cumulative
exposure (expressed as mg/m’-year) for various industries, including underground hardrock mining (Chen
et al. 2001; Churchyard et al. 2004: Hnizdo and Sluis-Cremer 1993; Kreiss and Zhen 1996; Muir et al.
1989a, 1989b; Steenland and Brown 1995a), granite quarry mining and production (Ng and Chan 1994),
diatomaceous earth mining and milling (Hughes et al. 1998; Park et al. 2002), and porcelain production
(Mundt et al. 2011). Study details are provided in Table 2-4. These studies found that risk of silicosis
increased with estimated cumulative exposure. However, risk estimates are not directly comparable
across study designs that used different outcome metrics, follow-up periods, or statistical approaches to
estimate risk. Another complication is that various industrial processes generate different types of c-silica
particles (e.g., particle size, surface reactivity, fibrogenic potential) (see Section 2.20.2, Mechanisms of

Toxicity; Section 4.2, Chemical and Physical Properties).

Chen et al. (2001) compared cumulative risks of silicosis for four hardrock mining cohorts (Chen et al.
2001; Hnizdo and Sluis-Cremer 1993; Kreiss and Zhen 1996; Steenland and Brown 1995a) (Figure 2-4).
Relationships between estimated cumulative exposure and cumulative risks (estimated through the end of
the follow-up periods) were similar across the cohorts, with each showing an increase in cumulative risk
with increasing cumulative exposure. For a cumulative exposure of 4.5 mg/m’-year (a 45-year exposure
to 0.1 mg/m®), cumulative risks ranged from approximately 55 to 90%. Cumulative risks will vary
depending on length of follow-up period. Substantially lower risk estimates in a mining cohort were
reported by Muir et al. (1989a, 1989b). For example, risks of 1 and 10% were associated with estimated
cumulative exposures of 6.1 and 18.7 mg/m’-year, respectively. However, it is possible that risks were
underestimated due to the lack of a post-employment follow-up period (EPA 1996; NIOSH 2002). A
study of a mining cohort published after Chen et al. (2001) showed that the incidence of silicosis
significantly increased with cumulative exposure (p for trend <0.001) (Churchyard et al. 2004). For the
highest estimated cumulative exposute category of 1.48-3.08 mg/m*-year, the incidence of silicosis was

32%.
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

56

Reference

Study design and
industry

Cohort and methods

Estimated cumulative
exposure (mg/m?3-year)

Qutcome

Chen et al. 2001

Study design:
retrospective cohort

Industry: tin mining
(four mines)
Location: China

Cohort: 3,010 male
(92.9%) and female tin
miners employed for at
least 1 year during
1960-1965, with follow-
up through 1994
Adjustments: historical
exposure information
and task description of
the job title

Statistical analysis:
Weibull model

Categories (C) for cumulative
exposure to c-silica dust,
calculated using reported
cumulative total dust exposure
and the mean c-silica dust
concentration of 3.6%
(midpoint):

- C1:<0.36 (0.18)

- €2:0.36-0.72 (0.54)

- C3:>0.72-1.4 (1.08)

- C4:>1.4-2.2(1.80)

- C5:>2.2-2.9 (2.52)

- C6:>2.9-3.6 (3.24)

- C7:.>3.6-5.4 (4.50)
:>5.4 (>5.4)

Silicosis cases: 1,015 (33.7% of cohort)
Silicosis diagnosed post-exposure:
684 (67.4% of silicosis cases)

Time after first exposure to onset of
silicosis (meantSD): 21.3+£8.6 years

Number of silicosis cases/workers in
exposure group:

- C1:2/3,010

- C2:24/2,677

- (C3:126/2,343

- C4:1271,717

- C5:196/1,288

- C6:141/002

- C7:244/638

- C8:155/221

Cumulative risk of silicosis (%):

- C1:0.10
- C2:11.0

- C37.0

- C4:145
- C5:285
- C6:40.5
- C7:66.3
- C8:91.7

Lifetime risk exposure to 0.1 mg/m? for
45 years (4.5 mg/m®-year): 55%
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Cohort and methods

Estimated cumulative
exposure (mg/m?3-year)

Qutcome

Study design and
Reference industry
Churchyard etal. Study design: cross-
2004 (with some  sectional

data reported in Industry: gold mining
Collins et al. 2005) Location: South Africa

Cohort: 520 current
black gold miners, 37—

60 years of age,
recruited during

November 2000 through
March 2001; no follow-
up period or assessment
of previously employed

miners
Adjustments: none

Statistical analysis:
logistic regression

Cumulative exposure to
respirable quartz:
MeantSD: 8.2+2.88
Median: 7.95
Range: 0-22.68
Categories (C) for cumulative
exposure (mid-point):

- C1:0-0.80 (0.4)

- C2:0.80-0.99 (0.9)

- C3:0.99-1.24 (1.12)

- C4:1.24-1.48 (1.36)

- C5:1.48-3.08 (2.28)
Duration of exposure (mean):
2.18 years

Silicosis cases: 93 (19%)

Miners with silicosis per exposure group
(%) (as reported in Collins et al. 2005):
- C1:11(10.7)
- C2:8(8.2)
- C3:18 (17.5)
- C4:23(22.1)
- (C5:33(32.0)

The prevalence of silicosis (%)
significantly increased with cumulative
exposure (p<0.001). Estimated
prevalence of silicosis by cumulative
exposure (number with silicosis/number
workers in exposure category):

- C1:10.7 (11/103)

- C2:8.2(8/97)

- C3:17.5 (18/103)

- C4:22.1 (23/104)

- C5:32.0 (33/103)

For each unit increase for cumulative
exposure (mg/mé-year), the odds of
silicosis increased by 3.2.
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Study design and Estimated cumulative
Reference industry Cohort and methods  exposure (mg/m3-year) Outcome
Hnzido and Sluis- Study design: Cohort: 2,235 white gold Cumulative respirable c-silica  Silicosis cases: 313 (14% of cohort)
Cremer 1993 longitudinal miners employed as exposure (composed mainly of Number of silicosis cases/workers in
retrospective underground gold miners quartz and silicates, based on exposure group:
Industry: gold mining  from 1938 for at least a 30% c-silica content in dust): - C1:0/2,218
Location: South Africa 10 years, with follow-up Mean (SD): 6.6 (2.7) - C2:9/2,014
to 1991 Range: 1.2-18.7 - C3:48/1,540
Adjustments: cumulative Cumulative exposure category - C4:85/984
risk was adjusted for loss (C) midpoints: - C5:93/515
of workers who did not - C1:0.3 - C6:53M197
develop silicosis but - C2:0.9 - C7:20/55
whose exposure reached - C3:1.5 - C8:5/M11
only a certain level (not - C4:21
specified); no adjustment - C5:27 Silicosis risk increased exponentially with
was made for exposure - C6:3.3 cumulative dust exposure. The increase
to radon daughters in the - C7:3.9 in risk accelerated at the cumulative
mines - C8:45 exposure category C4. Risk per unit of

Statistical analysis:
cumulative risk
calculated by Kaplan-
Meier method

cumulative c-silica dust exposure [mean

(SE)I:

Cli=-

C2: 0.002 (0.001)
C3: 0.016 (0.002)
C4: 0.045 (0.005)
C5: 0.099 (0.010)
C6: 0.156 (0.021)
C7:0.222 (0.048)
C8: 0.227 (0.060)
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Study design and Estimated cumulative
Reference industry Cohort and methods  exposure (mg/m3-year) Outcome
Hughes et al. 1998 Study design: Cohort: 1,809 white Categories for cumulative Total silicosis cases: 81 (4.5%)

retrospective cohort
Industry: diatomaceous
earth industry
Location: California

workers in the exposure to c-silica dust:

diatomaceous earth - C1: <1
industry with a minimum - C2:>1-<3
of 12 months of - C3:>3-=6
employment during - C4:>6
1942-1987; no follow-up

peried

Adjustments: age
Statistical analysis:
Poisson regression

Risk of silicotic opacities on radiography
significantly increased with cumulative
exposure (p for trend: <0.001). Relative
risk (95% CI):

- C1:1

- C2:4.35(1.7,11.08)

- C3:20.13 (8.2,49.7)

- C4:40.37 (16.1, 101.3)

Risks of radiographic opacities for
cumulative exposure of 2.0 mg/m3-year for
dust concentrations:

- <0.50 mg/m?: 1.1%

- >0.50 mg/m®: 3.7%

Risks of radiographic opacities for
cumulative exposure of 4.0 mg/m3-year for
dust concentrations:

- <0.50 mg/m®: 3.3%

- >0.50 mg/m®: 12.4%

Kreiss and Zhen
1996

Study design:
community-based

random sample survey
Industry: hard rock
mining

Location: Colorado

Cohort: 100 miners and Categories for cumulative
34 controls 240 years of c-silica exposure:

age; range of follow-up - C1:0
period for individual - C2:>0-1
miners: 0-56 years - C3:>1-2
Adjustments: age, years - C4:>2-3
since last exposure, - C5:>3

packyears of smoking

Statistical analysis:
Logistic regression

Prevalence of silicosis increased with
cumulative exposure.

Prevalence (%):
- C1:0
- C2:125
- C3:26.3
- C4:556
- C5:833
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Cohort and methods

Estimated cumulative
exposure (mg/m3-year)

Qutcome

Study design and
Reference industry
Muir et al. Study design:
19892a,1989b longitudinal

retrospective cohort
Industry: gold and
uranium mining
Location: Ontario

Cohort: 2,109 gold

and uranium miners
employed during the
period 1940-1959, with
follow-up to 1982 or end
of exposure, whichever
occurred first; no follow-
up period.

Adjustments: none
reported

Statistical analysis:
Weibull model

Categories of cumulative
exposure and numbers of
miners in each category:
- C1:0-0.499 (1,313)
- C2:0.5-0.999 (582)
- C3:1.0-1.499 (103)
- C4:1.5-1.999 (48)
- C5:>2.0(63)

Silicosis cases: 32

Estimates of cumulative exposures [in
mg/mé-year (95% CI)] associated with
risks of developing silicosis:

- 1%risk: 6.1 (4.1, 8.9)

- 2%risk: 8.5 (5.6, 12.8)

- 5%risk: 13.2 (7.8, 22.5)

- 10% risk: 18.7 (9.7, 36.1)

Mundt et al. 2011  Study design:
epidemiological cohort
Industry: porcelain
manufacturing

(100 plants)

Location: Germany

Cohort: 17,644 workers
(46.8% male) employed
more than 6 months and
participating in a
screening program for
silicosis in 1985-1987,
with follow-up through
2005

Adjustments: age, sex,
smoking

Statistical analysis: Cox
proportional hazards

Cumulative exposure to
respirable c-silica:
- =0.5 (referent)
- >0.5-1.0
- >1.0-15
- >1.5-3.0
- >3
- =3 (referent)
- >34
- >4-5
- >5-6
- >B

Cumulative exposure to >3 mg/m3-year
was associated with an increased risk of
silicosis.

Number of silicosis cases per cumulative
exposure, not lagged:

- =0.5 (referent): 4

- >0.5-1.0:1

- >1.0-15:2

- >1.5-3.0:2

- 233

- =3 (referent): 9

- >3-4:1

- >4-5:4

- >5-6:6

- >6:20

Silicosis hazard ratios (95% CI), not
lagged:

- <0.5: reference

- >0.5-1.0: 0.3 (<0.1-2.8)

- >1.0-1.5: 0.7 (0.1-3.8)
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Reference

Study design and
Cohort and methods

Estimated cumulative
exposure (mg/me-year)

Outcome

>1.5-3.0: 0.4 (0.1-2.2)
>3:3.1(1.1-9.3)

<3: reference
>3-4:0.9 (0.1-7.5)
>4-5:5.3 (1.6-17.3)
>5-6:7.3 (2.6-20.8)
>6: 6.8 (3.0-15.3)

Number of silicosis cases per cumulative
exposure, lagged by 10 years:

=0.5 (referent): 5
>0.5-1.0: 2
>1.0-1.5:1
>1.5-3.0: 2

>3: 30

<3 (referent): 10
>3-4: 3

>4-5: 4

>5-6: 4

>6.19

Silicosis hazard ratios (95% CI), lagged by
10 years:

<0.5: reference
>0.5-1.0: 0.7 (0.1-3.7)
>1.0-1.5: 0.4 (0.1-3.7)
>1.5-3.0: 0.5 (0.1-2.4)
>3: 3.7 (1.4-9.9)

<3: reference
>3—4:2.9 (0.8-10.6)
>4-5: 4.9 (1.5-15.7)
>5-6:5.2 (1.6-16.9)
>6: 6.7 (3.0-14.9)
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Reference

Study design and
industry

Estimated cumulative
Cohort and methods  exposure (mg/m*-year)

Qutcome

Ng and Chan 1994

Study design: cross-
sectional

Industry: granite
industry
Location: Hong Kong

Cohort: 206 current and Cumulative exposure to
132 previous granite
workers employed for at
least 1 yearin 1967-
1985; decedents were
not included; specific
follow-up period was not
specified

Adjustments: age and
smoking

Statistical analysis: linear
regression

respirable quartz: <0.25—>10

Prevalence (%) of rounded opacities on
x-ray for cumulative exposures:

- <0.25:0

- 0.25—<1.00: 0

- 1.00—<5.00: 12.77
5.00—<10.00: 25.00
- >10.00: 21.67

Prevalence (%) of irregular opacities on
x-ray for cumulative exposures:
- <0.25:0
0.25—<1.00: 0
1.00—<5.00: 19.15
- 5.00—<10.00: 21.67
>10.00: 46.31

Analysis by linear regression predicted
risks of 6 and 8% for rounded and
irregular opacities, respectively, for a
50-year-old worker with a cumulative
exposure of 2.0 mg/m>-year.

Park et al. 2002

Study design: historical
cohort study

Industry: diatomaceous
earth mining and
processing

Location: California

Cohort: 2,342 white, Cumulative exposure to
male workers employed c-silica dust:

for at least 12 months - Mean; 2.16
during 19421994, with - Maximum: 62.52
follow-up through 1994

Adjustments: calendar

time, age, smoking,

Hispanic ethnicity, time

since first observation

Statistical analysis:

Poisson regression

Workers diagnosed with silicosis: 70

Excess lifetime risk estimates (per

1,000 workers) for radiographic silicosis
increased with increasing dust
concentration (mg/m®). Risk estimates
were based on the assumption of
exposure to a constant respirable c-silica
concentration for 45 years.
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Reference

Study design and
industry

Cohort and methods

Estimated cumulative
exposure (mg/m?3-year)

Outcome

Excess lifetime risk (per 1,000 workers)
for all cumulative exposures for respirable
c-silica concentrations of:

- 0.001:
- 0.005:
- 0.010:
- 0.020:
- 0.030:
- 0.040:
- 0.050:
- 0.060:
- 0.070:
- 0.080:
- 0.090:
- 0.100:
- 0.200:

6.2
17.0
26.0
39.0
50.0
59.0
68.0
76.0
83.0
90.0
96.0
100.0
150.0

Excess lifetime risk for cumulative
exposures <10 mg/m3-year for respirable
c-silica concentrations of:

- 0.001:
- 0.005:
- 0.010:
- 0.020:
- 0.030:
- 0.040:
- 0.050:
- 0.080:
- 0.070:
- 0.080:
- 0.090:
- 0.100:
- 0.200:

1.6
7.8
16.0
31.0
46.0
60.0
75.0
89.0
100.0
120.0
130.0
140.0
260.0
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Table 2-4. Exposure-Response Data for Silicosis Morbidity in Workers Exposed to c-Silica

Study design and Estimated cumulative
Reference industry Cohort and methods  exposure (mg/m3-year) Outcome
Steenland and Study design: Cohort: 3,330 white male Cumulative exposure Silicosis cases: 170
Brown 1995a longitudinal underground gold miners categories (midpoint):

retrospective cohort employed for at least -
Industry: gold mining 1 year during 1940- -
Location: South Dakota 1965, with follow-up -
through 1990; average -
exposure duration: -
9 years -
Adjustments: age, -
calendar time
Statistical analysis:
Poisson regression

C1:0-0.2 (0.1)
C2: 0.2-0.5 (0.35)
C3:0.5-1.0 (0.75)
C4:1.0-2.0 (1.5)
C5:2.0-3.0 (2.5)
C6: 3.0-4.0 (3.5)
C7:>4.0

Number of silicosis cases/workers in
exposure group:

- C1:5/3,330

- (C2:5/1,800

- C3:15M1,060

- C4:33/684

- C5:44/331

- C6:42/125

- C7:26/52

Lifetime risk for each exposure category
based on a 45-year exposure (first and
second numbers of risk range are
adjusted and unadjusted risks,
respectively):

- C1:0.002

- C2:0.005

- €3:0.017-0.022

- C4:0.060-0.084

- C5:0.167-0.245

- (C6:0.403-0.534

- C7:0678-0.844

Estimated lifetime risk for exposure to
0.09-0.1 mg/m? for 45 years: 35-47%

ClI = confidence interval; SD = standard deviation; SE = standard error
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Figure 2-4. Cumulative Risk of Silicosis versus Estimated Cumulative Exposure
to Respirable Crystalline Silica
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Source: Reproduced from Chen et al. (2001) with permission from BMJ Publishing Group Ltd.
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Similar risks were predicted for a cohort of granite workers, with predicted risks of 6 and 8% for rounded
and irregular radiographic opacities, respectively, for an estimated cumulative exposure of 2.0 mg/m’-
year (Ng and Chan 1994). However, risks in this cohort may have been underestimated because

decedents were not included.

In a study of white male diatomaceous earth workers, excess lifetime risk (extrapolated to age 85 years)
of silicosis for a 45-year exposure to 0.1 mg/m’ respirable silica was estimated to be 10% (Park et al.
2002). In a previous study of these workers, Hughes et al. (1998) estimated the risks of silicosis for a
cumulative exposure of 2 mg/m*-year of 1.1 and 3.7% for exposures to c-silica dust concentrations of
<0.5 and >0.5 mg/m’ respectively. For porcelain workers, risks for silicosis were significantly increased
for cumulative exposures of >3 mg/m*-year (Mundt et al. 2011). For a cumulative exposure range of 4—

5 mg/m’-year, lagged by 10 years (to account for latency period), the hazard ratio was 4.9 (95% CI: 1.5,
15.7) when combining all exposure categories <3.0 mg/m’ as referent. Analysis of the Mundt et al.
(2011) cohort using a threshold model estimated an exposure concentration threshold of 0.25 mg/m* (95%

Cl: 0.15, 0.30; Morfeld et al. 2013).

The estimated exposure-response data on silicosis reported in the studies above are briefly summarized in
Table 2-5. For the lowest estimated cumulative exposure range reported in the available literature (0—
0.2 mg/m’-year), silicosis was observed in 5 of 3,330 gold miners (Steenland and Brown 1995a).
Churchyard et al. (2004) reported that at an estimated cumulative exposure range of 0-0.8 mg/m’-year,
11/520 gold miners were diagnosed with silicosis. In summary, data from morbidity studies consistently
demonstrate an exposure-response relationship between estimated cumulative exposure to respirable

c-silica and silicosis over a wide range of exposure scenarios in several industries.

Silicosis Mortality: Exposure-Response Data. Progression of silicosis can result in death due to

respiratory failure. There is considerable uncertainty regarding the number of annual deaths that occur
worldwide due to silicosis. Driscoll et al. (2005) estimated that approximately 8,800 deaths per year that
occurred worldwide were attributed to silicosis. The Global Burden of Disease Study (GBD 2015)
estimated that 55,000 and 46,000 deaths occurred worldwide in 1990 and 2013, respectively. Based on
data reported by NIOSH in 1994, 13,744 deaths with silicosis as a possible contributor (mentioned in the
death certificate) occurred in the United States during the period 1968-1990 (Castranova and Vallyathan
2000; NIOSH 1994). Silicosis was a cause or contributing cause of 4,313 deaths in the United States
during the period 1979-1990 (Althouse et al. 1995; Beckett et al. 1997). Due to improved industrial
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Table 2-5. Summary of Exposure-Response Data for Silicosis Morbidity

Estimated cumulative

Reference Industry Study type exposure (mg/m®-year) Outcome

Steenland and Brown  Gold mining Longitudinal retrospective 0-0.2 Silicosis cases/exposed workers: 5/3,330
1995a cohort

Churchyard et al. 2004  Gold mining Cross-sectional 0-0.80 Silicosis cases/exposed workers: 11/103

(as reported in Collins et
al. 2005)

Kreiss and Zhen 1996  Gold and uranium Longitudinal retrospective >0-1 Prevalence of silicosis (%): 12.5

mining cohort
Steenland and Brown  Gold mining Longitudinal retrospective 0.2-0.5 Silicosis cases/exposed workers: 5/1,800
1995a cohort
Ng and Chan 1994 Granite Cross-sectional <0.25 Prevalence of silicosis (%): 0
Ng and Chan 1994 Granite Cross-sectional 0.25-<1.00 Prevalence of silicosis (%): 0
Hnzido and Sluis- Gold mining Retrospective longitudinal 0.3 Silicosis cases/exposed workers: 0/2,218
Cremer 1993
Chen et al. 2001 Tin mining Retrospective cohort <0.36 Silicosis cases/exposed workers: 2/3,010
Chen et al. 2001 Tin mining Retrospective cohort 0.36-0.72 Silicosis cases/exposed workers: 24/3,010
Mundt et al. 2011 Porcelain Epidemiological cohort  >0.5-1.0 (no lag) HR (95% CI): 0.3 (<0.1-2.6)

study
Mundt et al. 2011 Porcelain Epidemiological cohort ~ >0.5-1.0 (10-year lag) HR (95% CI): 0.7 (0.1-3.7)
study

Steenland and Brown Gold mining Longitudinal retrospective 0.5~1.0 Silicosis cases/exposed workers: 15/1,060
1995a cohort
Chen et al. 2001 Tin mining Retrospective cohort >0.72-1.4 Silicosis cases/exposed workers: 126/3,010
Churchyard et al. 2004  Gold mining Cross-sectional 0.80-0.99 Silicosis cases/exposed workers:8/97
(as reported in Collins et
al. 2005)
Hnzido and Sluis- Gold mining Retrospective longitudinal 0.9 Silicosis cases/exposed workers: 9/2,014
Cremer 1993
Churchyard et al. 2004  Gold mining Cross-sectional 0.99-1.24 Silicosis cases/exposed workers:18/103

(as reported in Collins et
al. 2005)
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Estimated cumulative

Reference Industry Study type exposure (mg/m3-year) Outcome

Mundt et al. 2011 Porcelain Epidemiological cohort  >1.0-1.5 (no lag) HR (95% CI): 0.7 (0.1, 3.8)
study

Mundt et al. 2011 Porcelain Epidemiological cohort ~ >1.0-1.5 (10-year lag) HR (95% CI): 0.4 (0.1, 3.7)

study

Kreiss and Zhen 1996

Gold and uranium
mining

Longitudinal retrospective >1-2

cohort

Prevalence of silicosis (%): 26.3

Steenland and Brown Gold mining Longitudinal retrospective 1.0-2.0 Silicosis cases/exposed workers: 33/684
1995a cohort
Hughes et al. 1998 Diatomaceous Retrospective cohort >1-<3 RR (95% CI): 4.35 (1.7, 11.06)
earth

Ng and Chan 1994 Granite Cross-sectional 1.00-<5.00 Prevalence of silicosis (%): 12.77
Churchyard et al. 2004  Gold mining Cross-sectional 1.24-1.48 Silicosis cases/exposed workers: 23/104
(as reported in Collins et
al. 2005)
Chen et al. 2001 Tin mining Retrospective cohort >1.4-2.2 Silicosis cases/exposed workers: 127/3,010
Churchyard et al. 2004  Gold mining Cross-sectional 1.48-3.08 Silicosis cases/exposed workers: 33/103
(as reported in Collins et
al. 2005)
Hnzido and Sluis- Gold mining Retrospective longitudinal 1.5 Silicosis cases/exposed workers: 48/1,540
Cremer 1993
Mundt et al. 2011 Porcelain Epidemiological cohort  >1.5-3.0 (no lag) HR (95% CI): 0.4 (0.1, 2.2)

study
Mundt et al. 2011 Porcelain Epidemiological cohort  >1.5-3.0 (10-year lag) HR (95% CI): 0.5 (0.1, 2.4)

study
Steenland and Brown  Gold mining Longitudinal retrospective 2.0-3.0 Silicosis cases/exposed workers: 44/331

1995a

cohort

Kreiss and Zhen 1996

Gold and uranium
mining

Longitudinal retrospective >2-3

cohort

Prevalence of silicosis (%): 55.6

Hnzido and Sluis-
Cremer 1993

Gold mining

Retrospective longitudinal 2.1

Silicosis cases/exposed workers: 85/984
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Estimated cumulative

Reference Industry Study type exposure (mg/m3-year) Outcome

Park et al. 2002 Diatomaceous Historical cohort 2.16 Silicosis cases/exposed workers: 70/2,342
earth

Chen et al. 2001 Tin mining Retrospective cohort >2.2-2.9 Silicosis cases/exposed workers: 196/3,010

Hnzido and Sluis- Gold mining Retrospective longitudinal 2.7 Silicosis cases/exposed workers: 93/515

Cremer 1993

Kreiss and Zhen 1996

Gold and uranium

Longitudinal retrospective >3

Prevalence of silicosis (%): 83.3

mining cohort
Mundt et al. 2011 Porcelain Epidemiological cohort >3 (no lag) HR (95% CI): 3.1 (1.1, 9.3)
study
Mundt et al. 2011 Porcelain Epidemiological cohort ~ >3.0 (10-year lag) HR (95% CI): 3.7 (1.4, 9.9)
study
Steenland and Brown Gold mining Longitudinal retrospective 3.0-4.0 Silicosis cases/exposed workers: 42/125

1995a

cohort

Hughes et al. 1998

Diatomaceous
earth

Retrospective cohort >3-<6

RR (95% Cl): 20.13 (8.2, 49.7)

Hnzido and Sluis- Gold mining Retrospective longitudinal 3.3 Silicosis cases/exposed workers: 53/197
Cremer 1993

Chen et al. 2001 Tin mining Retrospective cohort >3.6-5.4 Silicosis cases/exposed workers: 141/3,010
Hnzido and Sluis- Gold mining Retrospective longitudinal 3.9 Silicosis cases/exposed workers: 20/55
Cremer 1993

Steenland and Brown  Gold mining Longitudinal retrospective >4.0 Silicosis cases/exposed workers: 26/52
1995a cohort

Hnzido and Sluis- Gold mining Retrospective longitudinal 4.5 Silicosis cases/exposed workers: 5/11
Cremer 1993

Ng and Chan 1994 Granite Cross-sectional 5.00—<10.00 Prevalence of silicosis (%): 25.00

Chen et al. 2001 Tin mining Retrospective cohort >5.4 Silicosis cases/exposed workers: 155/3,010
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Estimated cumulative

Reference Industry Study type exposure {(mg/m3-year) Outcome

Hughes et al. 1998 Diatomaceous Retrospective cohort >6 RR (95% CI): 40.37 (16.1, 101.3)
earth

Ng and Chan 1994 Granite Cross-sectional >10.00 Prevalence of silicosis (%): 21.67

CI = confidence interval; HR = hazard ratio; RR = rate-ratio
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hygiene standards and more stringent regulatory standards and guidelines, silicosis mortality trends in the
United States show a marked decline over the past 50 years (Bang et al. 2008, 2015). For example, in
1965, 1,065 deaths were attributed to silicosis compared to 165 deaths in 2004 (Bang et al. 2015). During
the period 20012010, silicosis was identified as the underlying or contributing cause of 1,437 deaths,
with 164 deaths (death rate: 0.74 per 1 million; 95% CI: 0.62, 0.85) in 2001 and 101 deaths (death rate:
0.39 per I million; 95% CI: 0.31, 0.47) in 2010 (p for trend =0.002) (Bang et al. 2015). However,
estimates of the number of deaths in silicosis in the United States listed as a contributor in younger adults
(ages 15—44 years) have not declined since 1995 (Mazurek and Attfield 2008). The reason for this is
unknown; however, it has been speculated that contributing factors may include more recent, intense
exposures, such as those associated with construction, abrasive blasting, and fracking industries (CDC

1998a, 1998b; Esswein et al, 2013; Mazurek and Attfield 2008).

Statistical modeling of estimated exposures and reported silicosis cases for occupational cohotts indicates
that reported silicosis mortality rates are higher among workers with greater estimated cumulative
exposure in several models (Checkoway et al. 1997; Chen et al. 2012; Hedlund et al. 2008; Hughes et al.
2001; McDonald et al. 2005; Park et al. 2002; Vacek et al. 2011). Study details are provided in Table 2-6.
Results of these studies show statistically significant trends between estimated exposure and mortality
rate and odds ratios (ORs) for workers ex posed to c-silica in the diatomaceous earth, metal and ore
mining, granite, pottery, and sand industries. A study of iron ore workers found that silicosis mortality
increased with estimated cumulative exposure (Hedlund et al. 2008). Based on data from a cohort of
white male U.S. diatomaceous earth workers, Park et al. (2002) estimated an excess lifetime risk of death
from lung disease other than cancer of 54 per 1,000 (95% CI: 17, 150) for exposure to a c-silica dust
concentration of 0.05 mg/m® over a working lifetime. The risk of radiographic silicosis was 75 per 1,000.
Of 70 cases of silicosis incident during 19421994, 51 or 73% of cases occurred during the first 13 of

53 years (25%) of follow up (1942-1954). In Poisson regression models, radiographic silicosis incidence
in the 1942—1954 period, controlling for cumulative exposure to silica, was 13.3 times higher than in
subsequent years. The risk of radiographic silicosis was 75 per 1,000. As a reference, OSHA (1997)

seeks to keep excess lifetime risks of serious disease below 1 per 1,000.

Results and details of pooled analyses on the relationship between c-silica exposure and silicosis mortality

are summarized in Table 2-7 (Mannetje et al. 2000a, 2000b).
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Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in
Workers Exposed to c-Silica

Study design and Cohort and Estimated cumulative
Reference industry methods exposure (mg/m?-year) Outcome
Checkoway etal. Study design: historical Cohort: 2,342 white, Cumulative exposure for SMR for all deaths due to nonmalignant
1997 cohort study male workers respirable c-silica: respiratory disease (except infections)
Industry: diatomaceous employed for at least - <0.5 (referent) was significantly increased.
earth mining and 12 months during - 0.5—<1.1 - Number of deaths: 67
processing 1942-1987, with - 1.1-<21 - SMR (95% CI): 2.01 (1.56, 2.55).
Location: California follow-up through - 2.1—=<5.0
1994 - 250 Deaths due to nonmalignant respiratory
Adjustments: age, disease increased with cumulative
calendar year, exposure. Rate ratios (95% Cl) lagged by
duration of follow-up, 0 and 15 years to accommodate disease
Hispanic ethnicity latency:
Statistical analysis: O-year lag:
Poisson regression - <0.5 (reference): 7 [1]
model - 0.5—<1.1: 8[1.52 (0.55, 4.20)]

- 1.1-<2.1: 10 [1.98 (0.75, 5.22)]

- 2.1-<5.0: 12 [2.34 (0.91, 6.00]

- 25.0: 30 [4.79 (2.01, 11.9)]

- Trend slope: 1.08 (1.03, 1.13)
15-year lag:

- <0.5 (reference): 10 [1]

- 0.5-<1.1: 9[2.04 (0.77, 5.45)]

- 1.1-<2.1:8[1.96 (0.71, 5.43)]

- 2.1-<5.0: 13 [3.17 (1.25, 8.05)]

- 25.0: 27 [6.35 (2.23, 12.8)]

- Trend slope: 1.08 (1.03, 1.14)
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Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in

Workers Exposed to c-Silica

Study design and Cohort and Estimated cumulative

Reference industry methods exposure (mg/m3-year) Outcome

Chenetal. 2012  Study design: Cohort: Cumulative c-silica dust exposure: HR (95% CI) for death due to
retrospective cohort 74,040 workers - Control: <0.01 nonmalignant respiratory disease (p-value
study (85.8% males) - Low: 0.01-1.23 for positive trend: <0.001):

Industry: metal mines
(tungsten, iron, copper,

tin) and pottery factories

Location: China

employed for at least
12 months during
1960-1974, with
follow-up through
2003; control: 24,731;
low exposure: 15,438;
medium exposure:
16,878; high
exposure: 16,993
Adjustments: gender,
year of hire, age at
hire, type of
mine/factory
Statistical analysis:
Cox proportional
hazards regressions

- High: >4.46

- Medium: 1.24-4.46

- Control: 1

- Low: 1.89 (1.60, 2.24)

- Medium: 4.28 (3.74, 4.91)
- High: 6.68 (5.85, 7.61)

HR increase for death due to
nonmalignant respiratory disease per
1 mg/m?-year increase in cumulative
c-silica dust exposure: 1.069 (1.064,
1.074)

SMR (95% CI) for death due to
nonmalignant respiratory disease for the
period 1970-2003;

- 2.32 (2.24, 2.40)
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Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in
Workers Exposed to c-Silica

Study design and Cohort and Estimated cumulative
Reference industry methods exposure (mg/me-year) Outcome
Hedlund et al. 2008 Study design: follow-up Cohort: 7,729 miners Cumulative exposure quintiles for Number of deaths from silicosis: 58
mortality study employed for at least respirable quartz:
Industry: iron ore mining 12 months during - Q1: 0-0.9 (referent) Adjusted mortality rate (per
Location: Sweden 1923-1996, with - Q2:1-29 100,000 person-years):
follow-up through - Q3:3-49 - Q1:187
2001; control - Q4:5-6.9 - Q2:328
Adjustments: year of - Q5:>7 - Q3:117
birth and attained age - Q4:129
Statistical analysis: - Q5:140

Poisson regression

Study authors stated that “cumulative
respirable quartz exposure of
approximately 3 mg/m®year and higher is
associated with an increased risk of
mortality due to silicosis.”




SILICA

2. HEALTH EFFECTS

75

Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in

Workers Exposed to c-Silica

Reference

Cohort and
methods

Study design and
industry

Estimated cumulative
exposure (mg/ms-year)

QOutcome

Hughes et al. 2001 Study design: nested

Cohort: (reported i
case referent study

plants (nine sand- before 1980 for at

producing plants) least 3 years with

Location: North America follow-up through
1994

Adjustments: smoking For 15-year lag time:

n Cumulative exposure quartiles for
McDonald et al. 2001) c-silica:
Industry: industrial sand 2,670 men; employed For O-year lag time:

- Q1:£1.5

- Q2:1.5-<5.0
- Q3:>5.0-<9.0
- Q4:>9.0

Statistical analysis: -

conditional logistic
regression

Q1:
Q2:
Q3:
Q4:

=0.7
>0.7—<1.8
>1.8—<5.1
>5.1

Deaths from silicosis: 29

Deaths due to silicosis increased with
cumulative exposure. A statistically
significant positive trend (p=0.03, one-
tailed) was observed; mortality lagged for
15 years.

Mortality ORs (95% CI not reported)
lagged by 0 and 15 years to
accommodate disease latency:
O-year lag:

- Q1:1

- Q2:1.27

- Q3:262

- Q4:213

15-year lag:
- Q101
- Q2:2.54
- Q3:4.55
- Q4:5.16

McDonald et al.
2005

Study design: historical Cohort: 2,452 male

cohort study with nested workers employed for c-silica:

case-referent analysis
Industry: industrial sand =1 month during

plants (eight sand- 1940-1979, with

producing plants) follow-up through
Location: United States 2000

Adjustments: case-

Cumulative exposure quartiles for

at least 3 years, with  For O-year lag time:

-Q1:15
- Q2:1.5-=5.0
- Q3:>5.0-=9.0
- Q4:>9.0

referent analysis was -

adjusted for matching

Q1:

- Q2:

- Q3:

For 15-year lag time:

=0.7
>0.7—=1.8
>1.8-=5.1

Note: This study is an update of the
cohort evaluated in Hughes et al. (2001),
with an additional 5-year follow-up period
and exclusion of workers from one
Canadian plant.

Deaths from nonmalignant respiratory
disease: 116

SMR (nonmalignant respiratory disease):
164 (p<0.001)
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Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in

Workers Exposed to c-Silica

Study design and Cohort and Estimated cumulative
Reference industry methods exposure (mg/m3-year) Outcome
and three categories - Q4:>51
of smoking Deaths from silicosis: 26
Statistical analysis:
SMR: Poisson Deaths due to silicosis increased with

regression model
Case-referent:
conditional multiple
logistic regression

cumulative exposure. A statistically
significant positive trend (p=0.017, one-
tailed) was observed; mortality lagged for
15 years.

Mortality ORs (95% CI not reported)
lagged by 0 and 15 years to
accommodate disease latency:
O-year lag:

- Q1:1

- Q2:0.95

- Q3:3.08

- Q4:1.90

15-year lag:
- Q1:1
- Q2:2.20
- Q3:4.34
- Q4:545
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Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in
Workers Exposed to c-Silica

Reference

Study design and
industry

Cohort and
methods

Estimated cumulative
exposure (mg/m3-year)

Qutcome

Park et al. 2002

Study design: historical
cohort study

Industry: diatomaceous
earth mining and
processing

Location: California

Cohort: 2,342 white,
male workers
employed for at least
12 months during
1942-1987, with
follow-up through
1994

Adjustments: calendar
time, age, smoking,
Hispanic ethnicity,
time since first
observation
Statistical analysis:
Poisson regression
model; lifetime risks of
death from lung
disease other than
cancer (LDOC),
excluding pneumonia
and infectious
diseases

Cumulative exposure to c-silica
estimated for each worker using
historical exposure data and
detailed work history files.

Mean: 2.16
Maximum: 62.52

MNote: This is the same cohort reported in
Checkoway et al. (1997), but with an
additional 5-year follow-up period.

Number of deaths due to LDOC: 67

Rate ratio at mean cumulative exposure;
4.2 (p<0.0001)

Rate ratio at maximum cumulative
exposure: 18.4

Rate ratio at a cumulative exposure of
1 mg/m®-year: 1.55

Excess lifetime risk for white men
exposed to 0.05 mg/m? for 45 years:
54/1,000 (95% CI: 17, 150)
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Table 2-6. Exposure-Response Data for Mortality Due to Silicosis and Nonmalignant Respiratory Disease in
Workers Exposed to c-Silica

Study design and Cohort and Estimated cumulative
Reference industry methods exposure (mg/m3-year) Outcome
Vacek et al. 2011 Study design: historical Cohort: 7,052 men Cumulative exposure guintiles for Number of deaths due to silicosis: 55
cohort study employed in the respirable quartz:
Industry: granite Vermont granite - Q1: £1.04 (referent) SMR (95% CI) for silicosis: 59.13 (44.55,
industry industry from 1947to - Q2: 1.05-3.64 76.97); p=0.01
Location: Vermont 1998 - Q3: 3.65-6.71
Adjustments: 5-year - Q4:6.72-10.21 Deaths due to silicosis increased with
age group, calendar - Q5:>10.21 cumulative exposure. A statistically
year significant positive trend (p=0.001) was
Statistical analysis: observed. Mortality ORs (95% CI);
Poisson regression statistical significant relative to Q1:
model -Q1:1

- Q2:2.02 (0.45, 9.09); p=0.358

- Q3: 8.62 (1.86, 39.95). p=0.006
- Q4:12.36 (2.67, 57.2); p=0.001
- Q5:10.55 (2.30, 48.40); p=0.002

Cl = confidence interval; HR = hazard ratio; OR = odds ratio; SMR = standardized mortality ratio



SILICA 79
2. HEALTH EFFECTS
Table 2-7. Pooled Analyses on the Exposure-Response Relationship for Mortality due to Silicosis in Workers
Exposed to c-Silica
Reference Cohorts Methods Outcomes for pooled cohort
Mannetje et  Six cohorts Study type: Pooled exposure- Total number of workers in pooled cohort:
al. 2002a Checkoway et al. 1997: response analysis for mortality 18,364
- Diatomaceous earth workers:; 2,342 due to silicosis or unspecified Deaths due to silicosis: 150
- Location: United States pneumoconiosis Deaths due to pneumoconiosis: 20
- Deaths due to silicosis: 15 Age of death (range): 32-91 years
- Mean exposure duration (years): 4.3 Adjustments: Silicosis mortality: 28.8 per 100,000 person
- Mean cumulative exposure (mg/m3-year): 1.05 Poisson regression: age, years
Koskela et al. 1994 calendar period, original study
- Granite workers: 1,026 cohort Adjusted mortality rate (per 100.000 person
- Location: Finland Nested case-control: age, sex, years) for cumulative c-silica exposures
- Deaths due to silicosis: 14 date of birth, original cohort ~ (mg/m3-year):
- Mean exposure duration (years): 9.2 study - 0-0.99:4.7
- Mean cumulative exposure (mg/m3-year): 4.632 - 0.99-1.97:15.9
Costello and Graham 1988 Literature search dates: not - 1.97-2.87:29.2
- Granite workers: 5,408 reported - 2.87-4.33:44.2
- Location: United States - 4.33-7.12:64.3
- Deaths due to silicosis: 43 Statistical analysis: Poisson - 7.12-9.58: 106.4
- Mean exposure duration (years): 18.0 regression for standard life - 9.58-13.21: 1126
- Mean cumulative exposure (mg/m?®-year): 0.712 table analysis using - 13.21-15.89: 189.2
Steenland et al. 2001a 10 cumulative exposure - 15.89-28.10: 118.0
- Industrial sand workers: 40,27 categories; conditional logistic - >28.10: 299.1
- Location: United States regression for nested case-
- Deaths due to silicosis: 15 control analysis Adjusted mortality rate ratio (95% CI) for
- Mean exposure duration (years): 3.7 cumulative c-silica exposures (mg/m®-year):
- Mean cumulative exposure (mg/m3-year): 0.132 Exposure for pooled cohort: - 0-0.99: 1.00 (referent)
Steenland and Brown 1995b - Mean exposure duration - 0.99-1.97: 3.39 (1.42, 8.08)
- Gold miners: 3,348 (years): 10.4 - 1.97-2.87:6.22 (2.56, 15.12)
- Location: United States - Mean cumulative exposure - 2.87-4.33: 9.40 (3.71, 23.80)
- Deaths due to silicosis: 39 (mg/m®-year): 0.62 - 4.33-7.12:13.69 (5.04, 37.18)

- Mean exposure duration (years): 5.4
- Mean cumulative exposure (mg/m?3-year): 0.232

- 7.12-9.58:22.64 (7.88, 65.10)

- 9.58-13.21: 23.97 (8.05, 71.32)

- 13.21-15.89: 40.25 (13.25, 122.3)
- 15.89-28.10: 25.11 (8.09, 77.91)
- >28.10: 63.63 (19.87, 203.8)
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Table 2-7. Pooled Analyses on the Exposure-Response Relationship for Mortality due to Silicosis in Workers
Exposed to c-Silica
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Reference Cohorts Methods Outcomes for pooled cohort
de Klerk and Musk 1998 Rate ratio (95% Cl%) for nested case
- Gold miners: 2,213 control analysis for an increase of one unit
- Location: Australia of exposure measure:
- Deaths due to silicosis; 44 - Cumulative exposure (mg/me-year):
- Mean exposure duration (years): 26.8 1.04 (1.03, 1.06)
- Mean cumulative exposure (mg/m?3-year): 11.372 - Log transformed cumulative exposure
(log mg/mi-days): 2.08 (1.71, 2.53)
- Average exposure rate over working
period (mg/m?®): 2.77 (1.80, 4.26)
- Exposure duration (years): 1.04 (1.02,
1.06)
Cumulative risk of death for exposure from
ages 20 to 65 years for concentrations of:
- 0.1 mg/m? (equivalent to 4.5 mg/m?-
year): 13 per 1,000
- 0.05 mg/m® (equivalent to 2.25 mg/m?-
year): 6 per 1,000
Mannetje et Studies (n=29) by location and industry: Study type: Pooled exposure- Pooled cohort
al. 2002b - United States, diatomaceous earth workers response analysis for mortality Total number of workers: 65,980

(Checkoway et al. 1993, 1996a, 1997; Seixas et al.

1997)

due to silicosis, by location
and industry

Finland, granite workers (Koskela 1995; Koskela

et al. 1987a, 1987b, 1994)

United States, granite workers (Costello and

Literature search dates: not
reported

Graham 1988; Davis et al. 1983; Eisen et al. 1984;

Theriault et al. 1974)

United States, industrial sand workers (Steenland

et al. 2001a)
China, pottery workers (Chen et al. 1992;

Dosemeci et al. 1993; McLaughlin et al. 1992)

Adjustments: not reported for
overall cohorts

OR (95% CI) for quintiles:
- Q1:1.0
- Q2:3.1¢(
- Q3:456 (
- Q4:45 (
- Q5:4.8

SRRs and p-value for trend for silicosis
mortality for exposure guartiles by cohort:

Statistical analysis: conditional C1°; p<0.001

logistic regression

C2°: p<01001
C3:

- Q1:1.00

- Q2:2.02
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Table 2-7. Pooled Analyses on the Exposure-Response Relationship for Mortality due to Silicosis in Workers
Exposed to c-Silica

Reference Cohorts

Methods

Outcomes for pooled cohort

10 occupational cohorts (C) identified from the studies

South Africa, gold miners (Hnizdo and Murray
1998; Hnizdo and Sluis-Cremer 1991, 1993;

Hnizdo et al. 1997; Page-Shipp and Harris 1972;

Reid and Sluis-Cremer 1996)

United States, gold miners (Brown et al. 1986;
Steenland and Brown 1995a, 1995b; Zumwalde et

al. 1981)

Australia, gold miners (de Klerk and Musk 1998;

de Klerk et al. 1995; Hewson 1993)

above (number of workers):

C10: Australia, gold miners (2,213)

Exposure: cumulative
exposure (mg/mé-year;
median) quintiles for pooled

cohort:

Q1
Q2

: not reported
1 4.45

Q3:9.08
Q4: 16.26
Q5:42.33

Respirable c-silica (mg/m?;

median; maximum) by cohort :

: United States, diatomaceous earth workers (2,342) C1
: Finland, granite workers (1,026)

: United States, granite workers (5,408)

. United States, industrial sand workers (4,027)
: China, pottery workers (9,017)

: China, tin miners (7,858)

: China, tungsten miners (28, 481)

. South Africa, gold miners (2,260)

: United States, gold miners (3,348) Co:

C1

Cumulative exposure (mg/m?®-

:0.18; 2.43
:0.59; 3.60
:0.05; 1.01
:0.04; 0.40
:0.22; 2.10
:0.19; 1.95
:0.32; 4.98
:0.19; 0.31
:0.05; 0.24
0:0.43; 1.55

year; median, maximum) by

cohort;

C1
c2
C3
C3
C5
C6
c7
C8

:1.05,62.71
:4.63, 100.98
:0.71, 50.00
:0.13, 8.265
.6.07,63.16
:5.27, 83.09

: 8.56, 232.26
14.23,9.28

- Q3:1.23
- Q4:4.14
- p=0.10
C4:

- Q1:0

- Q2:1.22
- Q3:2.91
- Q4:7.39
- p<0.00001
C5:

- Q1:34.8
- Q2:413
- Q3:443
- Q4:77.3
- p<0.0001
C6:

- Q1:1.82
- Q2:7.81
- Q3:11.2
- Q4:6.21
- p=0.05
C7:

- Q1:3186
- Q2:532
- Q3:73.0
- Q4:69.1
- p=0.02
C8: SRRs could not be calculated because
no deaths were coded to silicosis as the
underlying cause
Co: p=0.10
C10:

- Q1:1.00
- Q2:1.97
- Q3:4.06
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Table 2-7. Pooled Analyses on the Exposure-Response Relationship for Mortality due to Silicosis in Workers
Exposed to ¢-Silica

Reference Cohorts Methods Outcomes for pooled cohort
C9: 0.23,6.20 - Q4:4.23
C10: 11.37, 50.22 - p<0.001

aExposures were estimated by Mannetje et al. (2002b) (not reported in original publication), based on data provided by the original investigators.
®SRRs cannot be calculated as there were no deaths in the lowest exposure quartile; trend test can be conducted.

Cl = confidence interval; OR = odds ratio; SRR = standardized rate ratio
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Mannetje et al. (2002b) conducted a pooled analysis of 65,980 workers from 10 cohorts from the
diatomaceous earth, granite, sand, mining, and pottery industries. The risk of death was increased for all
estimated exposure levels (range: 4.45-42.33 mg/m’-years), with standardized risk ratios ranging from
3.1(95% CI: 2.5, 4.0) to 4.8 (95% CI: 3.7, 6.2) (Mannetje et al. 2002b). Similar results were observed in
a pooled analysis of 18,364 workers from six cohorts from the diatomaceous earth, granite, sand, and
mining industries (Mannetje et al. 2002a). Mannetje et al. (2002a) pooled data from six of the cohorts
evaluated in the Mannetje et al. (2002b) study; however, four cohorts were ex cluded because of a
different classification of disease for silicosis, which included silicosis, pneumoconiosis, and

silicotuberculosis.

The adjusted estimated silicosis mortality rate increased from 4.7 per 100,000 person years for the lowest
(non-referent) estimated exposure category (0-0.99 mg/m’-year) to 299.1 per 100,000 person years for
the highest estimated exposure category (>28 mg/m’-year). The adjusted rate ratio increased with
increasing estimated exposure and was significantly increased for all exposure categories, ranging from
3.39 to 63.63 in the 0.99—1.97 and >28 mg/m’-year categories, respectively. The study authors estimated
risks of death through age 65 for a 45-year exposure to 0.1 and 0.05 mg/m* to be 13 per 1,000 and 6 per
1,000, respectively.

Exposure-response data (based on estimated exposure data) on silicosis mortality reported in the studies
discussed above are summarized in Table 2-8. Note that effect estimates in Table 2-8 generally are not
comparable to each other, as reference groups differ. At the lowest reported estimated cumulative
exposure range of 0.01-1.23 mg/m’-year, risk of death due to silicosis in 74,040 metal miners and potters
was increased by approximately 90% (hazard ratio [HR]: 1.89; 95% CI: 1.60, 2.24) (Chen et al. 2012). At
the next highest estimated cumulative exposure range of 0.5-<1.1 mg/m’-year, eight silicosis-related
deaths were reported in 2,342 diatomaceous earth workers, although the rate ratio (RR: 1.52 [95% CI:
0.55, 4.20]) did not indicate an increase in risk (Checkoway et al. 1997). Data summarized in Table 2-8
are from several different silica industries and, therefore, it is likely that that differences in study methods,
exposure settings, or other external factors may explain risk differences between and within industries.
However, overall, these data demonstrate that the risk of death due to silicosis increases with cumulative

exposure to respirable c-silica.
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Table 2-8. Summary of Exposure-Response Data for Death Due to Silicosis for Studies Reporting Risk Ratios,
Hazard Ratios, or Odds Ratios

Estimated cumulative

exposure
Reference Industry Study type (mg/m3-year) Outcome
Chen et al. 2012 Metal mining; pottery Retrospective cohort  0.01-1.23 HR: 1.89 (1.60, 2.24)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

0.5—<1.1 (0 lag time)

Number of deaths: 8/2,342
RR (95% CI): 1.52 (0.55, 4.20)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

0.5—<1.1 (15-year lag)

Number of deaths; 9/2,342
RR (95% ClI): 2.04 (0.77, 5.45)

Hughes et al. 2001

Sand plants

Nested case referent

>0.7—=1.8 (15-year lag)

OR®: 2.54

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

0.99-1.97

RR (95% Cl): 3.39 (1.42, 8.08)

Vacek et al. 2011

granite

historical cohort study

1.05-3.64

OR: 2.02 (0.45, 9.09); p=0.358

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

1.1—<2.1 (0 lag time)

Number of deaths: 10/2,342
RR (95% CI): 1.98 (0.75, 5.22)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

1.1-<2.1 (15-year lag)

Number of deaths: 8/2,342
RR (95% CI): 1.96 (0.71, 5.43)

Chenetal. 2012

Metal mining

Retrospective cohort

1.24-4.46

HR: 4.28 (3.74, 4.91)

Hughes et al. 2001

Sand plants

Nested case referent

1.5-=5.0 (0 lag time)

OR% 1.27

Hughes et al. 2001

Sand plants

Nested case referent

>1.8—-=5.1 (15-year lag)

OR®: 4.55

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

1.97-2.87

RR (95% ClI): .22 (2.56, 15.12)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

2.1—<5.0 (0 lag time)

Number of deaths: 12/2,342
RR (95% Cl): 2.34 (0.91, 6.00)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

2.1—<5.0 (15-year lag)

Number of deaths: 13/2,342
RR (95% CI): 3.17 (1.25, 8.05)

Park et al. 2002

Diatomaceous earth

Historical cohort

2.16

RR: 4.2 (p<0.0001)

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

2.87-4.33

RR (95% Cl): 9.40 (3.71, 23.80)

Vacek et al. 2011

granite

historical cohort study

3.65-6.71

OR: 8.62 (1.86, 39.95); p=0.006
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Reference

Industry

Study type

Estimated cumulative
exposure
(mg/m3-year)

Outcome

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

4.33-7.12

RR (95% Cl): 13.69 (5.04, 37.18)

Mannetje et al. 2002b

Diatomaceous earth; granite;
sand; gold mining; pottery

Pooled analysis

4.45

OR (95% ClI): 3.1 (2.5, 4.0)

Chenetal. 2012

Metal mining

Retrospective cohort

>4.46

HR: 6.68 (5.85, 7.61)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

25.0 (0 lag time)

Number of deaths: 30/2,342
RR (95% CI): 4.79 (2.01, 11.9)

Checkoway et al. 1997

Diatomaceous earth

Historical cohort

25.0 (15-year lag)

Number of deaths: 27/2,342
RR (95% CI): 5.35 (2.23, 12.8)

Hughes et al. 2001

Sand plants

Nested case referent

>5.0—=9.0 (0 lag time)

OR® 2.62

Hughes et al. 2001

Sand plants

Nested case referent

>5.1 (15-year lag)

OR®: 5.16

Vacek et al. 2011

Granite

historical cohort study

6.72—10.21

OR: 12.36 (2.67, 57.2); p=0.001

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

7.12-9.58

RR (95% Cl): 22.64 (7.88, 65.10)

Hughes et al. 2001

Sand plants

Nested case referent

>9.0 (0 lag time)

OR®: 2.13

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

9.58-13.21

RR (95% Cl): 23.97 (8.05, 71.32)

Mannetje et al. 2002b

Diatomaceous earth; granite;
sand; gold mining; pottery

Pooled analysis

9.08

OR (95% Cl): 4.6 (3.6, 5.9)

Vacek et al. 2011

Granite

historical cohort study

>10.21

OR: 10.55 (2.30, 48.40); p=0.002

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

13.21-15.89

RR (95% Cl): 40.25 (13.25, 122.3)

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

15.89-28.10

RR (95% Cl): 25.11 (8.09, 77.91)

Mannetje et al. 2002b

Diatomaceous earth; granite;
sand; gold mining; pottery

Pooled analysis

16.26

OR (95% Cl): 4.5 (3.5, 5.8)

Mannetje et al. 2002a

Diatomaceous earth; granite;
sand; gold mining

Pooled analysis

>28.10

RR (95% Cl): 63.63 (19.87, 203.8)
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Table 2-8. Summary of Exposure-Response Data for Death Due to Silicosis for Studies Reporting Risk Ratios,
Hazard Ratios, or Odds Ratios

Estimated cumulative

exposure
Reference Industry Study type (mg/m®-year) Outcome
Mannetje et al. 2002b  Diatomaceous earth; granite; Pooled analysis 42.33 OR (95% CI): 4.8 (3.7, 6.2)

sand; gold mining; pottery

295% CI not reported.

Cl = confidence interval; HR = hazard ratio; OR = odds ratio; RR = risk ratio
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In addition to the studies discussed above, numerous studies published since 1987 report significantly
increased standardized mortality ratios (SMRs), mortality odds ratios, or hazard ratios for death due to
silicosis and associated nonmalignant respiratory diseases, but do not report quantitative cumulative
exposure estimates or exposure-response data specifically expressed in terms of mg/m’-year (Bang et al.
2008; Brown et al. 1997; Calvert et al. 2003; Checkoway et al. 1993; Chen et al. 1992; Cherry et al. 2013;
Chiyotani et al. 1990; Costello et al. 1995; Costello and Graham 1988; deKlerk and Musk 1998; deKlerk
et al. 1995; Goldsmith et al. 1995; Koskela et al. 1987b, 1994; Marinaccio et al. 2006; Mehnert et al.
1995; Ng et al. 1990; Steenland and Brown 1995b; Thomas and Stewart 1987; Tse et al. 2007; Ulm et al.
2004; Zambon et al. 1987).

Decreased Lung Function in the Absence of Silicosis. Several studies have shown that occupational

exposure to c-silica is associated with decreased in lung function in workers with no radiographic
evidence of silicosis (Ehrlich et al. 2011; Hertzberg et al. 2002; Malmberg et al. 1993; Meijer et al. 2001;
Mohner et al. 2013a, 2013b); see Table 2-9 for study details. In general, decrements in lung function are
small and, while statistically significant, are of questionable clinical significance. Statistically significant
trends (p<0.01) were observed for decreased forced vital capacity (FVC), forced expiratory volume in

I second (FEV), and FEV/FVC in smokers in an automotive foundry; however, decreases from the
lowest (<0.66 mg/m’-year) to the highest (>5.9 mg/m’-year) estimated exposure groups were small
(approximately 9%). No effects on lung function were observed for nonsmokers in this cohort. Ina
cohort of granite industry workers, a statistically significant decrease in FEV/VC (vital capacity) was
observed in workers compared to referents, although the decrease in workers was only 4% (Malmberg et
al. 1993). Similarly, in concrete workers, a 2.2% decrease in FEV/FVC was statistically significant
(p=0.02) (Meijer et al. 2001). Based on results of spirometry testing in a cohort of uranium miners,
cumulative exposure to | mg/m’-year was associated with a 2.75% decreased in FEV/FVC (p<0.001)
and an increased risk of stage | COPD (OR: 1.81; 95% CI: 1.27, 2.56) (Mohner et al. 2013a, 2013b).
Other studies showed similar small changes in lung function, although exposure data were not reported

(Chia et al. 1992; Eisen et al. 1995).

Chronic Obstructive Pulmonary Disease (COPD). The American Thoracic Society defines COPD as a

progressive lung disease involving the airways and/or pulmonary parenchyma, resulting in airflow
obstruction that is not fully reversible (Qaseem et al. 2011). It manifests with a wide range of symptoms,
including dyspnea, poor exercise tolerance, chronic cough with or without sputum production, and
wheezing to respiratory failure or cor pulmonale (Qaseem et al. 2011). A diagnosis of COPD includes

respiratory symptoms and airflow obstruction defined as postbronchodilator FEV:FVC ratio of
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Table 2-9. Effects on Pulmonary Function Associated with Occupational Exposure to c-Silica in Workers with No
Radiographic Evidence of Silicosis

Reference

Study design and
industry

Cohort and methods

Estimated exposure
(mg/m3-year)

Qutcome

Ehrlich et al. 2011

Study design: cross-
sectional

Industry: gold mining
Location: South Africa

Cohort: 520 male, black
gold miners; 37—

60 years of age; mean
years of service

21.8 (range: 6.3-34.5);
number of workers with
no evidence of
radiographic silicosis
reported

Adjustments: smoking,
tuberculosis, silicosis
Statistical analysis:
multivariate analysis

Cumulative respirable quartz
{mg/m3-year)
- Mean (SD): 1.15 (0.44)
- Median: 1.13
- Range: 0-3.08

Cumulative respirable dust
(mg/m3-year):
- Mean (SD): 8.2 (2.90)
- Median: 7.95
- Range: 0-22.68

For workers without silicosis in this cohort
(based on cumulative dust data), for a
30-year exposure to a mean respirable
dust concentration of 0.37 mg/m?®

(0.01 mg/m3-year), the loss in FVC would
be 208 mL (95% CI: 3, 412).

Hertzberg et al.
2002

Study design: cross-

sectional

Industry: automeotive

foundry

Location: Midwestern
United States

Cohort: 1,028 former
(mean employment
duration: 19.9 years)
and current (18.3 years)
workers, employed
before 1986, with no
radiographic evidence of
silicosis

Adjustments: weight,
height, age, ethnicity,
smoking status, other
c-silica exposure
Statistical analysis:
logistic regression

Cumulative c-silica exposure
quartiles (mg/ mé-year;
calculated from mg/d/m?):

- Q1:<0.66

- Q2:0.66-2.0

- Q3:>2.0-59

- Q4:>59

In smokers, but not nonsmokers, percent
predicted values for FVC, FEV4, and
FEV+/FVC decreased with increasing
exposure,
Smokers
FVC % predicted (SD):
- Q1:93.47 (11.85)
- Q2:90.54 (15.53)
- Q3:88.83(13.43)
- Q4:84.36 (18.55)
- p-value for trend: 0.0013
FEV1% predicted (SD):
Q1:94.97 (14.85)
- Q2:92.58 (18.75)
- Q3:93.72 (15.88)
- Q4:85.24 (22.67)
- p-value for trend: 0.011
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Table 2-9. Effects on Pulmonary Function Associated with Occupational Exposure to c-Silica in Workers with No

Radiographic Evidence of Silicosis

Reference

Study design and
industry

Cohort and methods

Estimated exposure
(mg/m3-year)

Qutcome

FEV4/FVC % predicted (SD):

- Q1771 (7.2)
Q2:77.7 (8.3)

- Q3:77.3(6.4)

- Q4:704(11)

- p-value for trend: 0.0013
Nonsmokers
FVC % predicted (SD):

- Q1:96.31 (10.56)

- Q2:94.1(10.92)

- Q3:85.41 (23.06)

- Q4:89.89 (10.9)

- p-value for trend: 0.1468
FEV1 % predicted (SD):

- 0Q1:108.1 (15.15)

- Q2:100.31 (14.44)

- Q3:91.44 (22.87)

- Q4:97.29 (15.47)

- p-value for trend; 0.1037
FEV1/FVC % predicted (SD):

- Q1:796 (4.4)

- Q2:81.2 (3.9)

- Q3:76.2(7.5)

- Q4:79.2 (4.7)

- p-value for trend: 0.5696
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Table 2-9. Effects on Pulmonary Function Associated with Occupational Exposure to c-Silica in Workers with No

Radiographic Evidence of Silicosis

Study design and Estimated exposure
Reference industry Cohort and methods  (mg/m?3-year) Outcome
Malmberg et al. Study desian: Cohort: 45 granite Average respirable Statistically significant differences in lung
1993 longitudinal study with  crushers without pleural concentration (mg/m?) 1976—  function values (percent predicted

12-year follow-up
Industry: granite
industry

Location: Sweden

plagues and 45 age- and 1988:
smoking-matched -
referents; pulmonary -
function evaluated in -
1976 and 1988; mean 23
exposure employment

duration in 1988:

22 years

Adjustments: none

reported

Statistical analysis:

Wilcoxon's signed rank

test, Mann-Whitney U

test, multiple regression

Dust: 0.83
c-Silica: 0.18

Percent c-silica in dust:

meantSD) were observed for workers
compared to referents for the FEV4/VC,
FEFso, and Phase Il (slope of alveolar
flow). However, differences were very
small and not are not likely to represent a
clinically significant decrease.

FEV/VC (%):
- Referent: 76.2 (6.55)
- Worker: 73.0 (9.45)
- p-value: <0.01
FEFs0:
- Referent: 5.1 (1.52)
- Worker: 4.52 (1.82)
- p-value: <0.05
Phase Il
- Referent: 1.1 (0.63)
- Worker: 1.45 (1.66)
- p-value: <0.0.05
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Table 2-9. Effects on Pulmonary Function Associated with Occupational Exposure to c-Silica in Workers with No

Radiographic Evidence of Silicosis

Study design and Estimated exposure

Reference industry Cohort and methods  (mg/m?3-year) Outcome

Meijer et al. 2001  Study design: cross- Cohort: 144 concrete Mean (SD) (mg/ m*-year) No statistically significant increases in the
sectional workers with no cumulative exposure: prevalence of chronic respiratory
Industry: concrete radiographic evidence of 0.566 (0.548) symptoms (asthma, cough, phlegm,

Location: Netherlands  silicosis (mean
employment duration:
11.3 years) and
110 controls
Adjustments: smoking,
allergies

Statistical analysis:
multiple linear regression

wheeze, and dyspnea) in workers
compared to controls.

A statistically significant increase was
observed for work-related upper
respiratory symptoms (WRURS) and
work-related lower respiratory symptoms
(WRLRS) for workers compared to
controls.
Percent with WRURS (SD):

- Control: 7 (6.4)

- Workers: 30 (20.8)

- p=0.01
Percent with WRLRS (SD):

- Control: 4 (3.6)

- Workers: 17 (11.8)

- p=0.02

A statistically significant (p=0.02)
decrease was observed for FEV1/FVC
(%), although the difference was very
small (2.2%) and not likely to be clinically
significant. No differences were observed
for FVC, FEV1, or MMEF.

OR (95% CI) for self-reported symptoms
of COPD: 11.1 (2.8, 43.5)




SILICA 92

2. HEALTH EFFECTS

Table 2-9. Effects on Pulmonary Function Associated with Occupational Exposure to ¢-Silica in Workers with No
Radiographic Evidence of Silicosis

Study design and Estimated exposure
Reference industry Cohort and methods  (mg/m3-year) Outcome
Mohner et al. Study design: nest Cohort: 1,421 uranium  Cumulative exposure groups  ORs (95% ClI) for incidence of stage |
2013a, 2013b case-control miners born between (EG) for respirable quartz COPD (based on spirometry):
Industry: uranium mine 1954 and 1956 with no  (mg/m3-year): - EG1:1
Location: Germany radiographic evidence of - EG1: <0.1412 (referent) - EG2:1.83 (1.05, 3.19)
silicosis (mean - EG2: 0.1412-0.2950 - EG3:2.65 (1.54, 4.58)
employment duration: - EGB3: 0.2950-0.5560 - EG4:2.47 (1.39, 4.38)
12.8 years) - EG4:0.5560-0.9386 - EG5:1.78 (0.86, 3.69)
Adjustments: smoking - EGS5: 0.9386-1.2847 - EG6: 3.83 (1.93, 7.57)
Statistical analysis: linear - EG6:>1.2847
mixed regression Cumulative exposure to1 mg/m?3-year

(respirable quartz) was calculated
associated with a 2.75% decrease in
FEV1/FVC (p<0.001) and an increased
OR for COPD (stage I) of 1.81 (95% CI:
1.27, 2.56).

Cl = confidence interval, COPD = chronic cbstructive pulmonary disease; FEFso = forced mid-expiratory flow; FEV+ = forced expiratory volume in 1 second;
FVC = forced vital capacity; MMEF = maximal mid-expiratory flow; OR = odds ratio; SD = standard deviation; VC = vital capacity
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<0.70 (Qaseem et al. 2011). Chronic obstructive pulmonary disease is associated with an abnormal
inflammatory response to inhaled noxious gases, vapors, fumes, cigarette smoke, and respirable

particulates, including c-silica (Briiske et al. 2014; Hnizdo and Vallyathan 2003; Qaseem et al. 2011).

Results of several occupational exposure studies show that COPD occurs in the presence and absence of
radiological evidence of silicosis (Begin et al. 1995; Briiske et al. 2014; Cowie et al. 1993; Ehrlich et al.
2011; Hertzberg et al. 2002; Hnizdo 1990; Hnizdo and Vallyathan 2003). A recent meta-analysis of six
studies (Bakke et al. 2004 ; Hertzberg et al. 2002; Jorna et al. 1994; Malmberg et al. 1993; Meijer et al.
2001; Ulvestad et al. 2001) evaluated the association between occupational exposure to c-silica and
COPD (Briiske et al. 2014). Statistically significant decreases in the mean difference of FEV; %
predicted (-4.62; 95% CI: -7.17, -2.06) and the standard mean difference in FEV, (-0.27; 95%

CI: -0.40, -0.14) were observed in workers exposed to c-silica dust compared to workers with “no/low”
exposure. The standard mean difference of the FEV:FVC ratio also was significantly decreased in
exposed workers compared to “no/low” exposure workers (-0.41; 95% CI: -0.54, -0.28). Results of this
meta-analysis are consistent with COPD. However, it remains unclear if inhalation of c-silica produces
pathological changes in the lungs that lead to the development of COPD or if COPD represents changes
that lead to the development of silicosis (Hnizdo and Vallyathan 2003).

Lung Cancer. The association between occupational exposure to respirable c-silica and lung cancer is

reviewed in Section 2.19.

Crystalline Silica, Oral. No studies evaluating respiratory effects in humans or animals following oral

exposure to c-silica were identified.

Amorphous Silica, Inhalation. Human data are insufficient to determine whether or not a-silica is
associated with lung disease in humans. Silicosis has not been observed in epidemiological studies in
workers with long-term exposure to synthetic a-silica (precipitated or pyrogenic) and no known exposure
to c-silica (Choudat et al. 1990; Plunkett and Dewitt 1962; Taeger et al. 2016; Volk 1960; Wilson et al.
1979). However, a German case-series study reported silicosis in 4/28 workers exposed to a non-
specified form of a-silica that was not contaminated by quartz, although contamination by small amounts
of cristobalite could not be ruled out (reviewed by Merget et al. 2002). A case-series report of
ferrosilicon workers exposed to a-silica fume, which is primary 80% a-silica and 6—-8% quartz, reported
silicosis in only 1/10 cases reviewed (Swensson et al. 1971). In other studies of ferrosilicon workers,

Vitums et al. (1977) reported pulmonary fibrosis in 11/40 workers exposed to a-silica fume, characterized
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by reticular and/or nodular abnormalities in chest radiographs, and Robalo-Cordeiro et al. (1985) reported

fibrosis in 9/14 workers exposed to a-silica fume.

Numerous occupational studies in the 1930s—1980s reported an increased incidence of pneumoconiosis in
diatomaceous earth workers ex posed to natural a-silica; however, the majority of reports indicated that
co-exposure to cristobaline (c-silica) found in calcined diatomite was the primary cause of
pneumoconiosis, rather than raw diatomite (which only contains trace amounts of c-silica) (Beskow 1978;
Caldwell 1958; Cooper and Jacobson 1977; Cooper and Sargent 1984; Dutra 1965; Harber et al. 1998;
Legge and Rosencrantz 1932; Motley 1960; Motley et al. 1956; Smart and Anderson 1952; Vigliani and
Mottura 1948). No evidence of pneumoconiosis was observed in potato workers exposed to inorganic

dusts with high levels of diatomaceous earth and crystalline quartz (~10%) (Jorna et al. 1994).

Reduced pulmonary function has been reported in cross-sectional studies of workers exposed to a-silica,
however, exposures to c-silica as well as other inorganic dusts were often present. Evidence for a
potential link between a-silica and impaired lung function includes statistically significant (p<0.05)
reduced forced expiratory flow volume in factory workers exposed to synthetic (precipitated) a-silica dust
(Choudat et al. 1990), reduced FVC in factory workers exposed to synthetic (precipitated or pyrogenic)
a-silica dust (Taeger et al. 2016), reduced FVC in grape workers exposed to mixed silica-dust containing
both precipitated silica and diatomaceous earth (Gamsky et al. 1992), and reduced forced expiratory flow
volume in potato workers exposed to inorganic dusts with high levels of diatomaceous earth and
crystalline quartz (~10%) (Jorna et al. 1994). Decreased maximal breathing capacity, reduced timed vital
capacity, and increased residual air were also reported in diamotite workers (Motley 1960; Motley et al.
1956). Additionally, dyspnea was observed in 9/14 ferrosilicon alloy workers in a case-series report
(Robalo-Cordero et al. 1985). However, there was no correlation between cumulative dust exposure in
192 diatomaceous earth workers and lung function (Harber et al. 1998). Additionally, neither pulmonary
function nor subjective complaints of respiratory symptoms were correlated with a calculated cumulative
exposure index in a cohort of 165 workers exposed to synthetic precipitated a-silica for 1-35 years
(Wilson et al. 1979, 1981). Lung function was also not impaired in three metallurgic workers diagnosed

with pulmonary fibrosis that were exposed to a-silica fume (Vitums et al. 1977).

As reviewed below, available data from animal studies indicate that inhalation exposure to a-silica
induces pulmonary toxicity, including pulmonary inflammation, granuloma formation, increased cellular
infiltrates, and reduced Ilung function. Pulmonary effects observed following exposure to a-silica are

generally reversible and no progressive fibrosis is observed, in contrast to pulmonary effects of c-silica.
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Results of acute animal studies also indicate that different polymorphs of a-silica have different
toxicological potencies, with precipitated and pyrogenic a-silica showing greater toxicity than a-silica gel
and colloidal a-silica following acute exposure (Arts et al. 2007; Warheit et al. 1995). However,
numerous polymorphs of a-silica exist, each with different surface chemistry properties and, therefore,
different biological potencies (see Section 2.20.2 for additional details). In addition, as discussed in
Section 4.2, even for the same polymorph, surface chemistry and, thereby, toxicological potency can vary

based on production method and degree of hydration.

In the only animal study evaluating natural a-silica, thickening of the alveolar walls due to macrophage
infiltration, accumulation of multinuclear cells with dust particles, and epithelization of the alveoli was
observed in rabbits following exposure to raw diatomaceous earth (0% crystalline content) at TWA dust
levels of 72 mg/m® for 8 hours/day, 5 days/week for 37-50 weeks (Tebbens et al. 1957). No lung fibrosis

was observed in exposed rabbits.

Acute inhalation studies indicate that exposure to various synthetic a-silica polymorphs leads to
inflammatory responses in the rat lung; however, the concentrations at which these effects occur can
differ between polymorphs. Mild changes, including macrophage infiltration of lungs and lymphatic
tissue and dilation of bronchioles and alveolar ducts, were observed in guinea pigs following a single
8-hour exposure to pyrogenic a-silica at 53 mg/m?; after 24 hours of exposure, additional effects included
alveolar hyperemia and focal petechiae, moderate bronchiole epithelial desquamation, and slight apical
emphysema (Schepers et al. 1957b). In a repeat-exposure study with various polymorphs, elevated
biomarkers of cytotoxicity and inflammation in bronchoalveolar lavage fluid, increased lung and
tracheobronchial lymph node weights, and mild histopathological changes (accumulation of alveolar
macrophages, bronchial/bronchiolar hypertrophy, and/or intra-alveolar granulocytic infiltrates) were
observed in Wistar rats following exposure to precipitated or pyrogenic silica at =5 mg/m’ for 5 days

(6 hours/day), but effects following a 5-day exposure to silica gel were only observed at 25 mg/m’ (Arts
etal. 2007). Additionally, minor histopathological lesions (hyperemia and/or macrophage aggregates)
persisted after recovery periods of 1-3 months following exposure to precipitated or pyrogenic silica, but
not silica gel (Arts et al. 2007). These data indicate that silica gel is less potent than precipitated or
pyrogenic silica under the same test conditions. More serious respiratory effects were observed in Wistar
rats exposed to pyrogenic hydrophilic silica at 17 mg/m’, pyrogenic hydrophobic silica at 31 mg/m®, or
precipitated hydrophobic silica at 46 mg/m’® for 2 weeks (6 hours/day, 5 days/week), including respiratory
distress, inflammation, pneumonia, granulomas, edema, increased cellularity, and/or increased lung

weight (Reuzel et al. 1991). However, relative potency of the different polymorphs cannot be determined
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from this study, as respiratory effects were observed at the lowest tested concentration for each
polymorph; the rationale for different concentration selection was not provided (Reuzel et al. 1991). In
Crl:CD BR rats, exposure to colloidal silica for 2 weeks (6 hours/day, 5 days/week) at concentrations
>50.5 mg/m’, but not 10.1 mg/m’, led to significantly elevated biomarkers of inflammation in
bronchoalveolar lavage fluid; however, these changes were observed following only 3 days of exposure to
precipitated silica at =10 mg/m’ (6 hours/day), suggesting that precipitated silica is more potent than

colloidal silica (Warheit et al. 1991, 1995).

Intermediate-duration inhalation studies also reported that exposure to precipitated, pyrogenic, or
colloidal a-silica for 4 or 13 weeks (6 hours/day, 5 days/week) leads to inflammatory responses in the rat
lung; however, available studies have limited information regarding direct comparison of potency across
different polymorphs. In 4-week studies, colloidal a-silica led to elevated biomarkers of inflammation in
bronchoalveolar lavage fluid, inflammation, and hyperplasia in Crl:DC BR rats at >50 mg/m’, but not at
10 mg/m® (Lee and Kelly 1992; Warheit et al. 1991, 1995). Ina 13-week study in Wistar rats, Reuzel et
al. (1991) reported serious respiratory effects at the lowest tested concentrations for each polymorph
tested (pyrogenic hydrophilic silica at >1 mg/m’, pyrogenic hydrophobic silica at 30 mg/m’, and
precipitated hydrophobic silica at 30 mg/m®). Observed effects for all polymorphs included increased
lung weight and histopathological changes including increased cellularity, inflammation,
accumulation/aggregation of alveolar macrophages (granulomas), and increased collagen content;
however, focal interstitial fibrosis was only observed following exposure to pyrogenic hydrophilic silica
(Reuzel et al. 1991). Focal interstitial fibrosis changes and increased collagen content persisted, but did
not progress, up to 1 year following exposure to pyrogenic hydrophilic silica at concentrations =6 mg/m’;
for other polymorphs, increased cellularity, leukocytic infiltration, alveolar macrophage accumulation,
and increased collagen content persisted for 13-39 weeks, but recovered by | year (Reuzel et al. 1991).
Lung inflammation, proliferative responses, and alveolar septal fibrosis were also observed in F344 rats
exposed to pyrogenic hydrophilic silica for 13 weeks (6 hours/day, 5 days/week) at 50.4 mg/m’ (the only

concentration tested); these findings decreased during the 8-month recovery period (Johnston et al. 2000).

Respiratory effects were also evaluated in a study designed to be chronic (12 months) with interim
sacrifices (3, 6, and 9 months); however, due to high mortality resulting in only a single rat surviving until
the 12-month sacrifice, this study is considered as an intermediate-duration study. In this study,
macrophage infiltration, cellular nodules, and focal emphysema were observed in rats following exposure
to pyrogenic a-silica at 53 mg/m’ for 8 hours/day, 5 days/week for 3-9 months, with the single animal

surviving at 12 months showing similar effects (Schepers et al. 1957a). Macrophage infiltration and
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enlargement of lymphoid tissue were also reported. Near complete reversal of findings was observed in
animals exposed for 6 months and allowed to recover for an additional 6 months (Schepers et al. 1957a).
A companion study also evaluated respiratory effects in rabbits similarly exposed to pyrogenic a-silica at
53 mg/m’, and observed similar pulmonary findings after 3—12 months of exposure (macrophage
infiltration, cellular nodules, ductal stenosis, emphysema, collagen deposition, enlargement of pulmonary
lymph nodes) (Schepers et al. 1957¢). Exposed rabbits also showed dyspnea during physical exertion.
As in the rat study, the majority of animals (70%) died prior to study termination and only 1/10 rabbits
survived until the terminal sacrifice at 365 days; therefore, this study is also considered an intermediate-
duration study. In similarly exposed guinea pigs, macrophage infiltration in the lungs and lymphoid
tissue, alveolar vacuolation, alveolar and bronchiole stenosis, emphysema, and focal fibrosis were
observed following exposure to pyrogenic a-silica at 53 mg/m’ for 2—10 months (Schepers et al. 1957b).
Rosenbrunch (1992) reported enlarged pulmonary lymphatic tissue and dust-laden macrophages in lung-
associated lymph nodes following exposure to synthetic vitreous a-silica at 10.9 mg/m’ for 4-12 months;

however, only pulmonary lymph tissues were examined.

Chronic-duration studies also show adverse respiratory effects of synthetic a-silica; however, available
studies only utilized a single exposure concentration (precluding a dose-response analysis). In monkeys,
macrophage infiltration, emphysema, bronchiole and alveolar hypertrophy, stenosis, fibrosis, and slight
collagen deposition were observed following exposure to precipitated a-silica at 15 mg/m’ for

8 hours/day, 5 days/week for 12 months (Schepers 1962). Another study in monkeys reported early
nodular pulmonary fibrosis, characterized by macrophage and mononuclear cell aggregates and reduced
lung function following exposure to a-silica (pyrogenic, precipitated, or gel) at 15 mg/m’ for 6 hours/day,
5 days/week for up to 18 months; respirable concentrations were reported as 9.9 mg/m’ for pyrogenic
a-silica, 6.9 mg/m’ for precipitated a-silica, and 9.4 mg/m® for a-silica gel (Groth et al. 1981). Collagen
fibers were observed in cell aggregates in lungs from monkeys exposed to pyrogenic a-silica, but total
lung collagen content was not elevated; no treatment-related changes in lung collagen were observed in
monkeys exposed to precipitated a-silica or a-silica gel. Pathological changes in the lungs were not
observed in rats or guinea pigs similarly exposed for up to 12 months, compared with controls (Groth et
al. 1981). Another chronic study reported increased lung weights and accumulation of macrophages in
alveoli, bronchioles, and lymphoid tissue in rats, guinea pigs, and rabbits exposed to precipitated a-silica
at 126 mg/m’ for 8 hours/day, 7 days/week for 12-24 months; however, no epithelization or fibrosis were
observed (Schepers 1981). Near-complete reversal of adverse effects was observed during a recovery
period of 3-9 months. Macrophage infiltration in the lungs and lymphoid tissue, alveolar vacuolation,

alveolar and bronchiole stenosis, emphysema, and pulmonary fibrosis were observed in guinea pigs
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exposed to pyrogenic a-silica at 53 mg/m* for 8 hours/day, 5 days/week for 12-24 months; only partial
reversal of adverse effects was observed during a recovery period of 1-12 months (Schepers et al. 1957b).
Similar effects were observed in rabbits exposed to an unspecified synthetic a-silica compound (0%
c-silica), with various pulmonary lesions (macrophage infiltration, stenosis, emphysema, sclerosis and
epithelization, granulomatosis) and exertional dyspnea following exposure at =30 mg/m’ for up to

24 months (Schepers 1959).

Amorphous Silica, Oral. No studies evaluating respiratory effects in humans following oral exposure to
a-silica were identified. No significant changes in lung weight or histology were observed in Wistar rats
exposed to pyrogenic a-silica at dietary doses of 500 mg/kg/day for 6 months, compared with controls
(Lewinson et al. 1994). No changes in lung histology were observed in Wistar rats exposed to pyrogenic
a-silica at dietary doses of 100 mg/kg/day for 24 months, compared with historical controls (concurrent

controls were not evaluated) (Lewinson et al. 1994).
2.5 CARDIOVASCULAR

Crystalline Silica, Oral. No studies evaluating cardiovascular effects in humans following oral exposure
to c-silica were identified. Changes in endothelial vasoactivity of the aorta were observed in 3-month-old
albino rats exposed to 50 mg c-silica/kg-day as sodium metasilicate in drinking water for 8 days,
compared with controls; baseline c-silica content in drinking water was 267 pg/L. (Oner et al. 2006).
Observed changes included significantly (p<0.05) increased ex vivo contractile responses to
phenylephrine and dilation responses to acetylcholine, sodium nitroprusside, and the calcium ionophore
A-23187 in aortic rings isolated from exposed rats, compared with aortic rings isolated from controls.

The toxicological significance of these findings is not known.

Amorphous Silica, Inhalation. No studies evaluating cardiovascular effects in humans following
inhalation exposure to a-silica were identified. Cardiac hypertrophy was reported in monkeys exposed to
precipitated a-silica at 15 mg/m’ for 8 hours/day, 5 days/week for 12 months (Schepers 1962).
Hypertension and ventricular and auricular hypertrophy were reported in rabbits following exposure to an
unspecified synthetic a-silica (0% c-silica) at dust levels =30 mg/m’ for 8 hours/day, 5 days/week for 3—
24 months (Schepers 1959). Hypertension was also reported in rabbits exposed to pyrogenic a-silica at
53 mg/m’ for 8 hours/day, 5 days/week for 3—12 months; however, the biological relevance of the
findings could not be assessed due to limited data reporting, low animal numbers, and high percentage of

accidental animal death associated with cardiac puncture (Schepers et al. 1957c).
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Amorphous Silica, Oral. No studies evaluating cardiovascular in humans following oral exposure to
a-silica were identified. No significant changes in heart weight or histology were observed in Wistar rats
exposed to pyrogenic a-silica (FHS) at dietary does of 500 mg/kg/day for 6 months, compared with
controls (Lewinson et al. 1994). A significant 19% decrease in heart weight was observed in female
B6C3F1 mice exposed to a-silica gel at dietary doses >3,780 mg/kg/day for 26 weeks; heart weights were
not decreased in female B6C3F1 mice at 2,070 mg/kg/day, male B6C3F1 mice at doses up to

6,700 mg/kg/day, or F344 rats at doses up to 2,410 mg/kg/day (Takizawa et al. 1988). In the same study,
no treatment-related changes in heart histology were reported in rats or mice exposed for 26 weeks at

doses up to 2,410 or 9,810 mg/kg/day, respectively (Takizawa et al. 1988).

In a 2-year dietary bioassay with a-silica gel, no significant changes in heart weight or histology were
observed at doses up to 2,010 mg/kg/day in F344 rats or 6,010 mg/kg/day in B6C3F | mice (Takizawa et
al. 1988). However, in the 12-month interim sacrifice, a significant 13—18% decrease in heart weight was
observed in female mice at >2,970 mg/kg/day; heart weights were not decreased in female mice at

1,640 mg/kg/day, male mice at doses up to 6,100 mg/kg/day, or rats at doses up to 2,220 mg/kg/day
(Takizawa et al. 1988). No histopathological changes were observed in the heart at the 12-month interim

sacrifice at doses up to 2,220 in rats or 7,560 mg/kg/day in mice (Takizawa et al. 1988).
2.6 GASTROINTESTINAL

Crystalline Silica, Oral. No studies evaluating gastrointestinal effects in humans or animals following

oral exposure to c-silica were identified.

Amorphous Silica, Inhalation. No studies evaluating gastrointestinal effects in humans following
inhalation exposure to a-silica were identified. No treatment-related changes in gastrointestinal histology
were observed in rats exposed to pyrogenic or precipitated a-silica at concentrations up to 30 mg/m’ for
6 hours/day, 5 days/week for 13 weeks (Reuzel et al. 1991) or monkeys exposed to pyrogenic,
precipitated, or gel a-silica at up to 9.9 mg/m”® for 6 hours/day, 5 days/week for up to 18 months (Groth et
al. 1981).

Amorphous Silica, Oral. No studies evaluating gastrointestinal effects in humans following oral

exposure to a-silica were identified. No histopathological changes were observed in the stomach, small
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intestine, or large intestine of Wistar rats exposed to pyrogenic a-silica at dietary doses of 500 mg/kg/day

for 6 months, compared with controls (Lewinson et al. 1994).

2.7 HEMATOLOGICAL

Crystalline Silica, Oral. No studies evaluating hematological in humans or animals following oral

exposure to c-silica were identified.

Amorphous Silica, Inhalation. No studies evaluating hematological effects in humans following
inhalation exposure to a-silica were identified. A significant 2-3-fold increase in neutrophil counts and
slight increases in hemoglobin, packed cell volume, and erythrocyte counts were observed in rats exposed
to pyrogenic a-silica at 30 mg/m’ for 13 weeks (6 hours/day, 5 days/week), compared with controls, but
not at concentrations <6 mg/m’; after a 3-month recovery period, hematological parameters no longer
differed from controls (Reuzel et al. 1991). Other acute- and intermediate-duration studies reported
hematological changes following exposure to a-silica, including increased hemoglobin, packed cell
volume, and erythrocyte count in rats exposed to pyrogenic or precipitated a-silica at >87 mg/m’ for

2 weeks (Reuzel et al. 1991) and rabbits exposed to pyrogenic a-silica at 53 mg/m’ for 3—12 months
(Schepers et al. 1957¢), and increased mean neutrophil count and hemoglobin levels and decreased mean
lymphocyte count in rats exposed to colloidal a-silica at 150 mg/m’® for 4 weeks (Lee and Kelly 1992);
however, the biological relevance of the findings could not be assessed due to the absence of quantitative

data reporting.

In a chronic study, rabbits exposed to precipitated a-silica at a concentration of 126 mg/m” for

8 hours/day, 7 days/week for 12 months showed a 22% increase in erythrocyte counts, a 40% increase in
hemoglobin levels, and a 12% increase in packed cell volume, compared with controls (Schepers 198 I).
Increased levels persisted to some degree after a 12-month recovery period. These findings are consistent
with an adaptive response to observed cardiopulmonary distress in exposed rabbits, rather than evidence
of an adverse hematological response to silica exposure. No treatment-related changes in hematological
parameters were observed in monkeys, rats, or guinea pigs following exposure to fumed, precipitated, or

gel a-silica at up to 9.9 mg/m’ for 6 hours/day, 5 days/week for up to 18 months (Groth et al. 1981).

Amorphous Silica, Oral. No studies evaluating hematological effects in humans following oral exposure
to a-silica were identified. No changes in hemoglobin, packed cell volume, prothrombin time, or total or

differential leukocyte counts were observed in Beagle dogs or CD rats exposed to silicon dioxide
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(unspecified) at dietary doses of 800 mg/kg/day for 4 weeks (Newberne and Wilson 1970). No
significant changes in hemoglobin, erythrocytes, leukocytes, or differential leukocyte counts were
observed in Wistar rats exposed to pyrogenic a-silica at dietary doses up to 1,000 mg/kg/day for 5 weeks,
TWA doses of 7,500 mg/kg/day for 8 weeks, or 500 mg/kg/day for 6 months, compared with controls
(Lewinson et al. 1994). In F344 rats, no biologically relevant changes in hemoglobin, hematocrit,
erythrocytes, leukocytes, or differential leukocyte counts were observed following exposure to a-silica gel
at dietary doses up to 2,410 mg/kg/day for 26 weeks, 2,220 mg/kg/day for 52 weeks, or 2,020 mg/kg/day
for 103 weeks, compared with controls (Takizawa et al. 1988). Similarly, no biologically relevant
changes in hemoglobin, hematocrit, erythrocytes, leukocytes, or differential leukocyte counts were
observed in B6C3F1 mice exposed to a-silica gel at dietary doses up to 9,810 mg/kg/day for 26 weeks,
7,560 mg/kg/day for 52 weeks, or 6,010 mg/kg/day for 93 weeks, compared with controls (Takizawa et
al. 1988).

No significant changes in bone marrow histology were observed in Wistar rats exposed to pyrogenic

a-silica at dietary doses of 500 mg/kg/day for 6 months, compared with controls (Lewinson et al. 1994),

2.8 MUSCULOSKELETAL

Crystalline Silica, Oral. No studies evaluating musculoskeletal effects in humans or animals following

oral exposure to c-silica were identified.

Amorphous Silica, Inhalation. No studies evaluating musculoskeletal effects in humans following
inhalation exposure to a-silica were identified. No treatment-related changes in skeletal muscle histology
were observed in rats exposed to pyrogenic or precipitated a-silica at concentrations up to 30 mg/m’ for

6 hours/day, 5 days/week for 13 weeks (Reuzel et al. 1991).

Amorphous Silica, Oral. No studies evaluating musculoskeletal effects in humans or animals following

oral exposure to a-silica were identified.

2.9 HEPATIC

Crystalline Silica, Oral. No studies evaluating hepatic effects in humans or animals following oral

exposure to c-silica were identified.
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Amorphous Silica, Inhalation. No studies evaluating hepatic effects in humans following inhalation

exposure to a-silica were identified.

No treatment-related changes in liver clinical chemistry were observed in rats exposed to colloidal a-silica
at concentrations up to 150 mg/m’ for 6 hours/day, 5 days/week for 4 weeks (Lee and Kelly 1992). No
treatment-related changes in liver clinical chemistry, organ weight, or histology were observed in rats
exposed to pyrogenic or precipitated a-silica at 30 mg/m°® for 6 hours/day, 5 days/week for 13 weeks

(Reuzel et al. 1991).

Hepatocellular vacuolation was reported in monkeys exposed to precipitated a-silica at 15 mg/m’ for

8 hours/day, 5 days/week for 12 months (Schepers 1962). In another chronic study, no changes in liver
clinical chemistry or histology were observed in monkeys, rats, or guinea pigs following exposure to
pyrogenic, precipitated, or gel a-silica at up to 9.9 mg/m’® for 6 hours/day, 5 days/week for up to

18 months, compared with controls (Groth et al. 1981).

Amorphous Silica, Oral. No studies evaluating hepatic effects in humans following oral exposure to
a-silica were identified. Severe atrophy of the hepatic epithelium was observed in male and female
Wistar rats following dietary exposure to pyrogenic a-silica TWA doses of 7,500 mg/kg/day for 8 weeks;
incidence data were not provided (Lewinson et al. 1994). Daily concentrations were 2,000 mg/kg/day
during weeks 0-2, 4,000 mg/kg/day during weeks 2—4, 8,000 mg/kg/day during weeks 4-6, and

16,000 mg/kg/day during weeks 6-8. Liver cells showed condensation of the cytoplasm, loss of
basophilic structure, and hyperchromatic and contracted nuclei. These changes were seen sporadically in
females (2/10) exposed to pyrogenic a-silica at dietary doses of 1,000 mg/kg/day for 5 weeks, but not
males at 1,000 mg/kg/day or either sex at <500 mg/kg/day (Lewinson et al. 1994). In a 2-generation
study, no exposure-related changes in liver weight or histology were observed in FO or F1 adult Wistar
rats exposed to precipitated a-silica at gavage doses up to 1,000 mg/kg/day for approximately 18 weeks

(Wolterbeek et al. 2015).

Similarly, no significant changes in liver weight or histology were observed in Wistar or F344 rats
exposed to dietary a-silica (pyrogenic or gel) at doses up to 2,410 mg/kg/day for 6 months, compared with

controls (Lewinson et al. 1994; Takizawa et al. 1988).

In B6C3F1 mice, a significant 16% decrease in liver weight was observed in females exposed to dietary

a-silica gel at a dietary dose of 9,810 mg/kg/day; liver weights were not decreased in female mice at
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3,780 mg/kg/day or male mice at doses up to 6,700 mg/kg/day (Takizawa et al. 1988). No treatment-
related changes in liver histology were reported in male or female B6C3F 1 mice exposed to a-silica gel

for 26 weeks at dietary doses up to 6,700 or 9,810 mg/kg/day, respectively (Takizawa et al. 1988).

A significant 14-15% decrease in liver weight was observed in female F344 female rats exposed to
a-silica gel at dietary doses =980 mg/kg/day for 103 weeks; liver weights were not decreased in females
at 480 mg/kg/day for 103 weeks, males at doses up to 910 mg/kg/day for 103 weeks, or males or females
at doses up to 2,220 mg/kg/day for 52 weeks (Takizawa et al. 1988). No treatment-related
histopathological lesions in the liver we