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VERSION CONTROL, AVAILABLE LANGUAGE(S) AND COPYRIGHT NOTICE

MA LA 22|27t O] 2M el &7 A LT

O 2Me| W&o thzt 2|74 MAILE E2f Arof CHsHAM = standards@asc-aqua.org & &5l ASC2|
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The Aquaculture Stewardship Council is the owner of this document.

For comments or questions regarding the content of this document, please contact the Standards and Science Team of ASC via
standards@asc-aqua.org.

b 2
Version control
=AM HE DAL

Document version history:

HH: ELLE A W8 e
Version: Release date: Release date: Description Of Amendment
v1.1 20194 38 79 | 2019 3 152 | Asc YA QA(GIAl: EEOl T, M4
th th . " 5 &
March 7t 2019 March 15t 2019 == i%‘)% ==317] Yt BE

HHO|E. ‘ascOfl CHSHO) 2F ‘asc M|A 2
her B9 wdE. AAF[n-71 2HolM
J1B/RB/2H 22 Holkl= AN BEE
HE2 T 1.00 M HE K| AT

Update of the standard to meet ASC style
requirements (e.g. Inclusion of structure of the
standards, formatting and wording). Align the
scope, ‘about the ASC’' and ‘overview of the ASC
system’ The content of the actual Standard, as

defined by criteria / indicators / requirements
under Principles [1-7], remains unchanged from

version 1.0.
v1.0 20124 1& 20124 18 ASC A QAS(HAl: =LF0 "ASCO|
January 2012 January 2012 CHSH S 'ASC MAH| 71 e ZgH dAl THoj)

SES flet #F YOHOIE. Z2H BES

W& 0.1E0 HEEX| 2.

Update of the Standard to meet ASC style
requirements (e.g. inclusion of introduction
chapters ‘about the ASC’ and ‘overview of the ASC
system’, formatting and wording). The content of
the actual Standard remained unchanged from

version 0.1.
vO.1 20114 5¢ 20114 5¢ olojm® A Cho|gz2a 29
May 2011 May 2011 FIA2|0 25 MA LA M A2 =2

sy BE oY
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Handover of the Standard by the Bivalve
Aquaculture Dialogue Steering Committee to the
Aquaculture Stewardship Council.

v0.1 2010 8 20104 8 "O|Of If & MY CO|YRI EE'S
August 2010 August 2010 SIHECZ O|IfIiE YA Clo|YZEO
=3 FlE=(of o3 =To] 7iE X S2lE

Original version developed and approved by the
bivalve Aquaculture Dialogue Steering Committee
under the original title “Bivalve Aquaculture
dialogue Standards”

ASC-HAIO|EO A& =& HE S AFEStE A2 A1 ALEAIS| M JO|Lt.,

It is the responsibility of the user of the document to use the latest version as published on the ASC-website.

ALE 7hsEt 210{(8)
Available language(s)
Of M= LhZ2| 2o(H)Z M8 7tseLCh

This document is available in the following language(s):

HH: 0| & 75t ¥0{(S)
Versions: Available language(s)
v1.1 O_I _,_A| OI_.IO_I)
v1.0 English (official language)
Japanese
Spanish
AHE Zhseh HY(E)ar O B Atoe] EX| /L= XHO[7F AS EF, 222 B0 HH(pdf-
A2 QU it

In case of any inconsistencies and/or discrepancies between available translation(s) and the English version, the online English version
(pdf-format) will prevail.

x-l xl'-?__l al ni

Copyright notice

Of M= 22|of0lE[E HHA ZfO[HA MAK #A| - HE X[ 3.0 Unported O 2t &Lt

O] 2tojdlAo| HQIE X1SHE S8 standards@asc-aqua.org & Sl 28T = ULt
This document is licensed under a Creative Commons Attribution-NoDerivs 3.0 Unported License. Permissions beyond the scope of this
license may be requested via standards@asc-aqua.org.
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ABOUT THE AQUACULTURE STEWARDSHIP COUNCIL (ASC)

mjo
I=

M7 A MY B2l (ASOE EFO| WMEHOR RSt IS J|goR ool EA Z2 1Y I
AEHo| =EEHC K 3% 215 S M= =E H[H2| A O[T

The Aquaculture Stewardship Council (ASC) is an independent, not-for-profit organisation that operates a voluntary, independent
third-party certification and labelling programme based on a scientifically robust set of standards.

Of EE2 ASC OJMOf m2r FA" ZopRE &dH X&H7tsdur A=l MYz BN 7| =H o
EES Fe /eSS ettt

The Standards defines Criteria that help to transform the aquaculture! sector? towards environmental sustainability and social
responsibility, as per the ASC Mission.

ASC o] H|H

ASC Vision
S0l Ci3 HEEQ YW At SHHAE SMYA0| QRO ATA ARY oSS
Seot=Ho Fast 92 dt= M

A world where aquaculture plays a major role in supplying food and social benefits for mankind whilst minimising negative impacts on the
environment.

Asce| o]

ASC Mission

AHGS Sl 7IXE HESts 2aHQ AlY RE|E 0|83t YN S 2dH X[&H7Hsdat
Ate|H Moo= BIsiA|7|7|E 2l

To transform aquaculture towards environmental sustainability and social responsibility using efficient market mechanisms that create
value across the chain.

ASC H3t 0|2
ASC Theory of Change
B3} 0| 2(ToC)0| 2 ot EHA|Q] HIM S Edst=n0 2% 74 849| 7|2, BH, Wal g ULt

A Theory of Change (ToC) is an articulation, description and mapping out of the building blocks required to achieve the organisation’s
vision.

ASCE= ArES0| 4t
E
o

XHOlOl = OFA|l =}
SOMT o1 =

ASCe| 20|22 ASC EALO| EOM 2y ; 7 AL}
ASC has defined a ToC which explains how the ASC certification and labelling programme promotes and rewards responsible fish farming

practices through incentivising the choices people make when buying seafood.
ASC’s Theory of Change can be found on the ASC website.

1QFAL QFA 0|2 Of B, QIKI R, 2R, SRS BESHE 24 MBS0 A S UBITH AIS 2 HEOZRE0| S, HO|Z2, H7|H Ol YAl S MAHE SOA|7|7|
olot 24 THOIAS] 22 0| HEhE olDlSlct A2 ES A el 420] el 9l Z2 350 A0 42 || gtk (FaO)

Aquaculture: Aquaculture is the farming of aquatic organisms, including fish, molluscs, crustaceans and aquatic plants. Farming implies some form of intervention in the rearing
process to enhance production, such as regular stocking, feeding, protection from predators, etc. Farming also implies individual or corporate ownership of the stock being cultivated
(FAO).

2 YA ZOR: HHHQI S (OAl: FAl =4t2)2 SRSt HYS (VAL ALZ A1, A M4, 7HS MY S)IF A E 52| TehS LIEHHT)

Aquaculture sector: Represents a group of industries (e.g.: feed industry, farming industry, processing industry, etc.) and markets that share common attributes (i.e. aquaculture
products).
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THE ASC DOCUMENT AND CERTIFICATION SYSTEM

ASC= ISEAL Alliance®| ‘H2| 20| 3702 S & & FH =z & SEHQ 3A 2T HAE AlHSHCt:
ASC is a full member of the ISEAL Alliance and implements a voluntary, independent third-party certification system3 consisting of three
independent actors:

L TE 28K LA QA e 22|
Scheme Owner i.e. Aquaculture Stewardship Council

. eIz : Accreditation Services International (ASI)
Accreditation Body i.e. Accreditation Services International (ASI)

1. Hetd"®7H7| 2HConformity Assessment Body, CAB) : 17382 CAB's
Conformity Assessment Body (CAB) i.e. accredited CAB's

o
4 28Xt
Scheme Owner

ASC & 114 2FXAEMN:

ASC, as scheme owner:

- A3 9 B4 7|& A™Ho| 25 ISEAL B &Sl {ok & F=45= ASC ®E
et g5 A U QK| 22|30 ASC B2 18 2A0f s &stit

- sets and maintains standards according to the ASC Standard Setting Protocol which is in compliance with the “ISEAL Code of Good
Practice - Setting Social and Environmental Standards”. The ASC standards are normative documents;

It|

ZEEO

~
=2 O

F|>I

OL..

BE0 AE X 2SS Al s A4Sk Al X[ off Tl 21F THRl(Unit of certification, UoC)O|
CHot LS MSot= Al XEs 278 & /A 22[eCt

- sets and maintains Implementation Guidance which provides guidance to the Unit of certification (UoC) on how to interpret
and best implement the indicators within the Standard;

FH

=0 A= X[&0f| CHS UoC & E7tots Z[1no] Y]O| FAKX| AALRO|A LSt M AL
AEes 28 % | 2taletot

- sets and maintains the Auditor Guidance which gives guidance to the auditor how to best assess a UoC against the indicators within
the Standard;

- At Bl 2tE J|FEC| E4 230 st ISEAL 2 ¥ b of X 7|FEL LR[St 21T A
X

Q1Y 9 A (Certification and Accreditation Requirements, CAR) & &7 S |X| &2|$tCt. CAR2

3 3R Q1Z MIA|: OfH CHAMS R SSHe THAILEZHQl, 12| 1 1 CHAMOf TS AFBRLS| A C 2 RE S-IX QI 7|3 = AFZHOf Q|3 H3iX| & X e B} 25 (150 17000)
Third-party Certification System: Conformity assessment activity that is performed by a person or body that is independent of the person or organisation that provides the object,

and of the user interests in that object (ISO 17000)
ASC O|Ojmf = #ZF —H{7 1.1 2019 3& H|O|X| 8 of 76
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S
-
g od it ed 25 40 Cis) M=otCh CARS = A0 siEetrt.
- sets and maintains the Certification and Accreditation Requirements (CAR) which adheres at a minimum to the “ISEAL Code of

Good Practice - Assuring compliance with Social and Environmental Standards”. The CAR describes the accreditation requirements,
assessment requirements and certification requirements. The CAR is a normative document.

o718l 0lF EM= ASC-EAIOIENM SHEH2Z 0|8 7hSOtLt.

These above listed documents are publicly available on the ASC-website.

Qg 7| &

Accreditation Body

OIFO|2t QI QA0 CHal et WL 7| B (CAB)S EIiste B MAIS Tain| QIF 7|2 (AB) Of
o8 =& EICE ASCL| X8 AB= Assurance Services International GmbH (ASNZ, 2178 ZEXtof ztst
¥ EMEMN CARS AHESHCL

Accreditation is the assurance process of assessing the Conformity Assessment Body (CAB) against accreditation requirements and

is carried out by an Accreditation Body (AB). The appointed AB of ASC is Assurance Services International GmbH (ASl) which uses the
CAR as normative document for the accreditation process.

ASI-21  HARel  EI7F ZAmet WX AFRE2  CABsO| ot JiRs  ASI-EAOIE

(http://www.accreditation-services.com) & Edll 37HH 22 0|8 7ts3iCt.

Assessment findings of ASl-accreditation audits and an overview of current accredited CABs is publicly available via the ASI-website
(http://www.accreditation-services.com).

Mg W7t 7|

Conformity Assessment Body

UoCk Bl EZ0 Cfgh UoCol X3ty BIHOISH ‘MANtD $HE 4ot HAL(S)2 D8
CABS ZofSich. MAME I8 2743t ORIVIRIZ CABO CHeH Ba| R7E CARO A2E0f 9o

ASI-QI™E E8| ESEICt

LLoOo=2 o

The UoC contracts the CAB which employs auditor(s) that conduct a conformity assessment (hereafter ‘audit’) of the UoC against
the relevant standard. The management requirements for CABs as well as auditor competency requirements are described in the CAR and
assured through ASI accreditation.

ASC dAF 3 F HX}

ASC Audit and Certification Process

UoCE A& +Z0|A HAF R =Ct

The UoC is audited at Indicator-level.

2} ASC &At= CAROIM FolEl= AA0 Bt S MELL O] RS2 CARO| ZMSHA =0 ALt
QF ASIZREH QIFHE2 CABsTHO| ASC EFEO| CH3H UoCE HAtst= Z0| SEEICL 4
AQHURZM, ASC AARE UoCO| AT AAIO| HOISHR Yom & 45 girf S0l olZAME
CAB2| &Lt ASCE 2ASAM 7=-80f sl 22|otA| =Lt

An ASC audit follows strict process requirements. These requirements are detailed in the CAR. Only ASl-accredited CABs are allowed to

Q)
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audit and certify a UoC against ASC standards. As scheme owner, ASC itself is not - and cannot be - involved in the actual audit and/or
certification decision of a UoC. Granted certificates are the property of the CAB. ASC does not manage certificate validity.

SsolEl QSME ZEget ZE ASC YA HAF ZS2 ASC-EAMOIEOAM S/HH2=Z
O|&7tsot=8 TS0/ ULt 7|0 = H[2HQl 2F 2F 22 OrR|E YASE ZeEr) 2F
2782 CABYf| 2fsff O|FX |22 ASCE O] 180 CHol 2OjoHA| Eenf & == BiCt 2S5 AM = CAB
2RE g0k

Audit findings of all ASC audits, including granted certificates, are made publicly available on the ASC-website. This includes audits that
result in a negative certification decision.

Fo|: #& #U0| ot g}, AFE &Adt= UoCsolA HEE= 215 8¢

CARO|| &t M|SHA| &[0f RUCE.
Note: in addition to the Standard’s, there are certification requirements that apply to UoCs seeking certification; these requirements are
detailed in the CAR.

i

of 2, 0|5 2U=2

ASC 211 AIE

ASC Logo use

ASC 2152 &2 YN 2% 21 ArEd A %(Logo Licence Agreement LLA)O| A Eot &0
ASC 218 £¢2 159 = gt = QUCE ASCE CHAISHY, MA s MU 22|2|(Marine
Stewardship Council, MSC) At2 @ HHEIO| 21 AFEH H UM E ¢dlistn HEo st 21 AR S

Solg Aot =7t HEOf tisi M= ASC Logo & QIS A| 2,

ASC-certified entities shall only sell their product carrying the ASC Logo if a Logo Licence Agreement (LLA) has been signed On behalf of
the ASC, the Marine Stewardship Council (MSC) Licensing Team will issue logo license agreements and approve logo use on products.
For more information see: ASC Logo.

SOUEX| @2 20 B#A= SX|EH d85d N2 FEC

Unauthorised logo display is prohibited and will be treated as a trademark infringement.

TI A
ASC EZ9o| 7t/
STRUCTURE OF ASC STANDARDS
BZO|2t " 0/#H0] B ZHE O FE e BE TEMA U MA B0 (31 75, X2 E ENS
EHEO/ I BHEEOZ ARSI 98 HEE= 24 O|Ct

A Standard is “a document that provides, for common and repeated use, rules, guidelines or characteristics for products or related
processes and production methods, with which compliance is not mandatory”.

ASC =2 Ct21} 20| HA KLt

ASC Standards are as follows designed:

~ASC EZ2 Ct2| RIASZ P 9&[0f ACH- #A 02

X
2t 7|72 iy Y0l 0|20 HolE 49| AItE Y
t

rk

0| PN
= =

ok

HO|

=
=

al

A FREE [0 7
oL},

- ASC Standards consist of multiple Principles — a Principle is a set of thematically related Criteria which contribute to the broader

ot

S
=
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outcome defined in the Principle title;

-2t YN e 4ol JECR PAEO YUCh- 2t 7|F2 oiY Yol ZWE o|REH M
ZIE AFotrt.
- Each Principle consists of multiple Criteria — each Criterion defines an outcome that contributes to achieving the outcome of the
Principle;

-~ 7|E2 ot Ol e X2 Fd&[0f QUCt -2 X[ #E BT 7|

AMAZFSSE A B2 AXSICE

o A5 O| R4 RAHSH=

M

- Each Criterion consists of one or several Indicators — each Indicator defines an auditable state that contributes to achieving the
Criterion outcome.

A% =2 7|F0| of TR0 i Lpo| o|R(TAT AP0 HAKRO| EES BoM)SS
HSdte 24 M=0| JA 0t 7|F R0 =Z=etk[o] AL

Both Principles and Criteria include Rationale statements providing a set of reasons (backed by reference notes if needed) as to why the
Principle or Criterion is needed.

QIZ THelet e

SCOPE AND UNIT OF CERTIFICATION

ASCO| BIT T QIEHE, ASC O|OHTH & EFO|(0[5} “EE"0|2 &) HlE O|fTHE Y4 AT 2
SEE ARSIR A oIsto] TS| REECH ASC AIES W YAFE 0|5 ofYue U, Y

= 2HEANZLSEM ASCO| H|TOf 7|0fHC,
Linked to the ASC Vision, the Scope of the ASC Bivalve Standard (hereafter “the Standard”) addresses the key negative environmental and

social impacts associated with the Bivalve aquaculture industry. An ASC-certified farm contributes to the ASC Vision by reducing, mitigating
or eliminating these negative impacts.

BFEQ #els 2E UoCo HEE|: 77tX| fXlo2 Z0|Ert

The Scope of the Standard is translated into seven Principles that apply to every UoC:

- 9% 1 - MBS E4otD, YN0 AXIT X 0| HEEE RE ¥H 27 X FHS WEC,
— Principle 1 - Obey the law and comply with all applicable legal requirements and regulations where farming operation is located.

- HY 2 - MAX|, 4L, dEistY aPg0f 0jX|= =2 97|sE X, 79 E= 2tefelct

oo,
— Principle 2 - Avoid, remedy or mitigate significant adverse effects on habitats blodlver5|ty, and ecological processes.

— %] 3 - ORAMINN|C LI SWH MO QoS AES YX|SHT RSFBICE

—_

— Principle 3 - Avoid adverse effects on the health and genetic diversity of wild populations.
_ QK| 4 - AN OZ HMQIZE QA H Z 33| shet,

— Principle 4 - Manage disease and pests in an enV|ronmentaIIy responsible manner.

- Q% 5 - mIpN o2 XS AFSHCY

— Principle 5 - Use resources efficiently.

~ Q%] 6 - Mt O|R0|X} YAIXQl Gio A|BIO| E|X}

— Principle 6 - Be a good neighbor and conscientious coastal citizen.

ASC OO = HEF —HH 1.1 2019 3& 0| X| 11 of 76



- K 7 ARSI, BHHOE MY YUk WACER YA Y Y 2YHC

— Principle 7 - Develop and operate farms in a socially and culturally responsible manner.

Zt JAo g E 7|EE2 ZE UoC O HEEICEH
The Criteria within the Principles apply to every UoC

le I.'.|- I
Unit of Certification
& 7h5et UoCeE CAB/AARO 23l 27 E|H CARO| R24E HEFE2| 7|FE UoC-2 1) YX[BHC}

The applicable UoC is determined by the CAB/ auditor and adheres to the Standard’s Criteria UoC- requirements as outlined in the CAR.

EZO0| M= ME28HM X|2|sHx He|
Biological and geographic scope to which the Standard applies
ASC O|O{I{F HEZF2 O gAld O[O/ A4l AL HA Q| BE HAA 20 Cis HAFH2=2

MGEICH OlOHTHE A0 RIME XYM RYE ARAUOR LRI E TR FLLEH 22K

5 ofm EAoIM eRlE SSHQl gy o FoHnt

The ASC Bivalve Standard applies globally to all locations and scales of filter-feeding bivalve aquaculture production systems.
Bivalve aquaculture is defined as active husbandry of bivalve shellfish from seed to harvest within a defined area and with defined
ownership of the shellfish being cultured.

b

OI I=IA-IE OII— I:II-EH

How to read this document?

0|2 9| H|O|X|E0ll= =&t X|&# 12|11 0| F0f siEdt=

iy M7t eff Saetx|et Hetel fHS0] A5 O8A CHREL ‘BA'E |01I EH H HEfet RS
HAlSts 24 #2222 =& 24 #7t At

In the following pages, tables with indicators and their corresponding requirements are included. Within each criterion, requirements

tables are followed by a rationale section that provides a brief overview of why the issues are important and how the proposed
requirements address them.

801 gel= =0 MAIZIof RUALY.

Definitions are provided in footnotes.

ASC O|I R BFES SHEU=AIE THOH| ?lct SBES MF=icte dAHE X[EHAMeL ASC
Ol F & £+ Fdot7| et YLbxt X[HO| ASC O|HI F =S 25% AO|Ct

The ASC Bivalve Standard will be supplemented by an auditor guidance document detailing the methodologies used to determine if the
ASC Bivalve Standard is being met, as well as guidance for producers to achieve compliance to the ASC Bivalve Standard.

=M 8 =F (Metric Performance Levels)

Metric Performance Levels
EE Mol HY XEES 53 =Y —’F-’-‘-(Metrlc Performance Levels, MPL)S ZQZ 3t HEE|=
=]

MPLZ X & F('2d" =)0 Ht= LIE%|0of UCH
Several Indicators in the Standard require a Metric Performance Level (MPL). The applicable MPL is directly listed after the Indicator (“Requirement”
section).
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PRINCIPLE: OBEY THE LAW AND COMPLY WITH ALL APPLICABLE LEGAL REQUIREMENTS AND REGULATIONS WHERE FARMING OPERATION IS
LOCATED

Ol7r: &2 12 ASC O|JIjF #Z0| [f2t OISE FHE of= BE 4E0/ 72 240 uf2} X
O/ FE SF =5 8f7 Plot AO/L}. E 5ol YLAIS 0] It J[EH 0 B A AS/Y 24
SZojl r7o g4 J/EI0] HE EAE 985 & X0/

Issue: Principle 1 is intended to ensure that all farms aiming to be certified against the ASC Bivalve Standard meet their legal obligations as a baseline
requirement. Adhering to the law will ensure that producers meet the most basic environmental and social requirements and will serve as a platform on
which the effectiveness of the requirements will be based

1.1 718 SME2E0| #XIstn Qe X2 RE O SEHE 24 U HE

Criterion: All applicable legal requirements and regulations where farming operation is located

HX|
INDICATOR REQUIREMENT
HE 27
HEE F48cts 37 (O 817t BT, Ao, -
% U EX| WEE 84 AEH) .

Evidence of compliance with all applicable legal requirements and
regulations where the farming operation is located (e.g., permits, licenses,
evidence of lease, concessions and rights to land and/or water use)

= = = OF - o A = o [ 10
oE =0, SPL-_rL 40| w2t 8K B HES A0 EHag 52 AFH2R SH ot 9.

Rationale—Bivalve aquaculture operations must, at a minimum, adhere to national and local laws. The ASC Bivalve Standard may develop sustainability
requirements beyond those required by law, but the baseline requirement for any aquaculture operation must be compliance with the legal obligations of

the producing country. Laws that compel a farmer to take a certain action take precedent over voluntary requirements (e.g., mandatory control of an
invasive species using methods otherwise not allowed under the requirements).

ASC O|OjI{ 7 EF —HH™ 1.1 20194 3& H|O|X| 13 of 76
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PRINCIPLE: AVOID, REMEDY OR MITIGATE SIGNIFICANT ADVERSE EFFECTS ON HABITATS, BIODIVERSITY, AND ECOLOGICAL PROCESSES

Ol7: OJJIYE QFA o} ZEiE FYRQl BF ZEXo =R I = 3ILtE MpM ZHe I2/0
QY GAtef F7hE RO YA D= FE ojck HRE SHO SfATHYN FFE 7] w2
YL YEBE B FNBYNRE FYBWN BFOE HEEH + it H4oE
ZZop7|7f of gt O] EME SfZ 57 9/of, CFO/|ZETE= 27 Y8 BIFE 7|8 E A FSE &P
Y42 HY OO X YBE HE DR I W2 DLEHEY +FL SIAHCL AL B %
IISSE HEI| S, A2 EF XG0 At 02 SFAFY £X FEE [}20/0f Bt O
B/ E/ 9

Issue: One of the main areas of potential environmental concern associated with bivalve aquaculture is intensity of production and its effect on the ecological
communities that are in close proximity to farming operations. Since shellfish are farmed in dynamic coastal environments, the ecosystem effects of farming
are difficult to measure in a way that can be applied consistently from farm to farm. To overcome this challenge, the Dialogue developed a tiered approach

based on initial risk assessments followed by increasing levels of monitoring dependant on localized site-specific conditions. In addition, it was agreed that,
in order to verify environmental sustainability, the requirements must also address the cumulative impact of multiple farms in a given area.

o

2

.|

21 JIE: 404 S 2.4 AN THE XM ME B

Criterion: Benthic effects for off-bottom and suspended-culture methods*

X5 A
INDICATOR REQUIREMENT
2.1.1 EH F+Y(Control site)t H|mSH0] QFAIEE < 1500 pM,
OfHolM Z e #E E|MS(EHUZEH 2cm) U 50CH BLIHE Te

<1500 uM, monitoring every five years is required

>1500 M 2 > 3000 pM,

T AR E=t=E2| 318 FEs

Acceptable levels of total ‘free’ sulfide in surficial sediment (0-2 centimeters

from the surface) measured beneath the farm in comparison to control sites® i
! i ojd 2UE Ea
21500 pM and 2 3000 pM, monitoring every year is
required
212 sHM FYat H| ko] LAY or2fof SHE
T = = e =] o
= E|M2 U HH XS T2l 518 > 3000 uM
=27ttt =&
Unacceptable levels of total ‘free’ sulfide in surficial sediment
measured beneath the farm in comparison to control sites
213 AHAXQl B 22tE +=&0] 3000uM=
ZSHE 2@ AU S sE= AT R0 x|t Q7=
71E AN ZSEE +=F2 725t e Zuts M Yes
ot El L}y

In cases where natural background sulfide levels exceed 3000 uM, the
annual S concentrations should not significantlys exceed levels measured at
reference sites located outside the farm’
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Farms utilizing in- and on-bottom husbandry practices are exempted from assessment for benthic organic enrichment. These standards specifically target
off-bottom and suspended-culture activities that permit greater stocking biomass per area than can be achieved using bottom culture approaches. See

Appendix | for additional rationale
5 frers Sts s s
HEE 272 Zotm YHE2 €0 EAMZ2 #E0 ZatE
Sampling design and sulfide methodology are included with the standards as separate documents

6
S7X Q240 95% A2 77
Statistical significance (i.e., 95% confidence interval)

7 = = _ .
& MY 2352 A Fo| AfEHez MM YE] 240 R7|2E2= 0|0 A ZHE A= XF2
UFAlef FE0| S BEICH,
Farming activity is permitted in areas where the natural benthic environment is already heavily enriched with organic matter prior to the initiation of any
shellfish aquaculture activities
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Sulfide analysis may be replaced by direct analysis of benthic community

structure (i.e., infaunal surveys) in areas where this biotic approach is preferred by
the applicant or is already mandated by a regulatory body?®

a7

2.1.5 2 HEHA LHOIM EE5IAH S5t X2l

A= E= YElSH 7|52 MBSt X0 o

o O|INTH & AR B8 S

Allowance for bivalve aquaculture over areas that provide a particularly None

significant or essential biological or ecological function within the broader

ecosystem®
TH— O|OjIf 7 FA Y2 TF LAY orelf A2l 2120 A= 77| E¥ == S7HAZL
ENE0 A= O] ot R7[2EHS X st M 2740 oo H9)L =HEHELR
MMES0 £2ELE E 5 UL BI45 , f £

o
2tz ol MM 4= = OX|=

= g2 & 3N A2 (0 Pearson ! Rosenberg 1978,

Hargrave &, 2008b) 12|10 KA LfHF ZE Q| 7|t 7ARo| A == ULt 0 |R7IE &5
X EQt g 2 FAIAHO| utsHEOF ZHOIAM MAIZ|Of ZHCF MM EE MAIX| 2td S HItE It
ME X HEe T SR thedt N HMEH 20 ST A H 20| O|27|74X| CHstet. o] 2ot
O XM M= (macrofauna) &4 2| DA QI HHH2 oK M= MEfAOf Chot &I &S HIt5t=
N gL, X8 S2Y U MEHO| 2FHN 41 4F2

28lo| 2HE HFMOR Ct2 1 YUCt 1
nEE B Q0| U7 AN AYSEE Q7E|m, T

RLHY ZHE {8 ot7|0=, dFe X & EE= =0

Rationale—Bivalve aquaculture often results in increased organic deposition underneath and adjacent to farms. The accumulation and mineralization of
this excess organic matter in sediments can cause stress on benthic organisms through oxygen depletion and the toxic effects of hydrogen sulfide (H2S).
The impacts on benthic communities due to increased organic matter sedimentation, oxygen deficiency (hypoxia and anoxia) and toxic effects of H2S are
well known (e.g., Pearson and Rosenberg 1978, Hargrave et al., 2008b) and can include changes in the size and structure of benthic infaunal communities.
Various organic enrichment indicators and impact classification systems have been proposed in the scientific literature. Biotic indices for assessing benthic
habitat environmental quality range from simple indicators of species richness to more complex statistical approaches. These classical methods of
macrofauna analysis directly address our objective of assessing potential impacts on seabed biological communities. However, taxonomic descriptions and
determinations of numerical abundance and biomass requires highly trained personnel working over extended periods and the associated costs are
prohibitive for routine site assessments and monitoring purposes.

|82 LdHQ oy Hotet

PaTEA 21100 FOIT B AR YIS0 Chel SOl AAGL SSHS 2| flof WEEH X=
OIMEE BAIZS BUIoHor oot £ MM e &elE: 0 MM 4= Chdd X+& daRes R e

—
=250 SEEACL Ol= BFx M8 S FXSHYAIL. (0: Hargrave &. 2008)
Biotic indicator decision thresholds need to be assessed to ensure equivalency with the thresholds identified for total ‘free’ sulfide given in requirement
2.1.1. There are several papers that have been published linking specific benthic sulfide levels to indices for benthic biodiversity. Please refer to the
reference section for examples (e.g., Hargrave et. al. 2008)

SHHOIL 971N 20| S| HIEK Y WBSUMH EHIXS T3t Yo
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Areas containing biogenic structures that are not particularly adapted to sedimentation or organic enrichment (e.g., tubeworm mounds, bryozoans
mounds, bivalve beds and reefs or sponge gardens that form a structure for other epifauna)

ASC OO = HEF —HH 1.1 2019 3&

H[O|X| 17 of 76



ne
el
0 ox
o
(*]
T
Q
-~
(@]
<
<
[0)
o
N
o
o
[00]
Q
e
s

AN
-3 8= U 772 2T A HMd=E oy
HES2 = QI5f O|2{eh AletO] AR EIUCE F K
o

gotE 57 O[O 20 CHet XtMTt LH&2 &5 10|AM =elg 4= ULt

Total ‘free’ sulphide (S2-) in surficial (0-2 cm) sediments is a cost-effective indicator of the organic enrichment effects of shellfish aquaculture on benthic
communities. In general, there is consistency between changes in various biological and geochemical variables and total S2- in surface sediments along
organic enrichment gradients (see Hargrave et al., 2008a). Other metrics, such as redox potential, sediment oxygen demand, sediment organic content
and benthic diversity indices were also considered. They were rejected because of measurement challenges, costs and/or inherent variation. More
information on the rationale behind the total “free” sulfide measurement can be found in Appendix I.

T At et X|lE F8ots A 20|k, ofE HIC|2/0[0]X|= ot LAY otafel X =0] o0
MALSE[A =R £ YT or2iLt X0 A= MM SEi HEIZF S5t 7712 Foto] 2HE
= UsX| ARE NS 2Hos SUA2Z HIE-a2X0l WHo|ct THof of2fZ Fal/ART
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In addition to measuring levels of total ‘free’ sulfide, bottom video/imaging is also a relatively cost-effective way to quickly determine whether or not
sediments underneath a farm have already become hypoxic or if the benthic conditions underneath or adjacent to a farm may be especially sensitive to
increased organic loading from biodeposition. If bottom video/imaging reveals non-depositional substrate and the absence of sensitive benthic habitat,
there is a lower risk of adverse benthic effects from bivalve aquaculture operations.

e

2.2 7|&: ¥ (Pelagic) B

Criterion: Pelagic effects

XE e:
INDICATOR REQUIREMENT
2.2.1 M FA|ZHRT) CHH| O§ OFA|ZHCT)10 H| &
(QIBEHRE Zotst0], 2E | of HolEl =9 | 2=
ARl HANO| = MA HHOl 10% D|THO|H,

2211 222 RS MLB|X| YOLE ECt) >1

The ratio of clearance time10(CT) over retention time'! (RT)

(If the area of all of the farms within a water bodv as defined in Aopbendix I. inclusive
of the certification unit. is less than 10% of the total area of the water bodv. then
requirements 2.2.1 and 2.2.2 need not apply)

222 O tA|ZHO] M| FAIZFECH B2 B2,
SAHYLEAIZh0f i SE O3t A[ZE H| &

Where clearance time is less than retention time, the ratio of clearance time
over primary production time*?

>3
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Yes
Equivalency with requirements 2.2.1 or 2.2.2 may be demonstrated, if a farm

or group of farms is able to prove, through more comprehensive carrying capacity
modeling that, in aggregate, they do not exceed the ecological carrying capacity of
the applicable water body in which they are located

SEfSHY 2t ol A
FO|ElCh(Inglis &. 2000). O|H2 =92
dEA L] SEE= "

=041 O|OHIH F2

HT=

+9g MojUl=dl oLt ZAZ|=X|(Retetion time MFA|ZE RIS Z £ H|WSt= H|WX ZHchst
ALES Sl O|2HME sHATHC]

2EHEE FFEO| 2AHet FHEHQ SA2 25 | 2 HXISHE HIECH o7|0s i =9 HAHE
Holdts Z2EZ0| ZeEICE 28t 80| Ze[M, SAY2 oz FATe FMY =5 AY
AeS CHR7| QI3 Phbay) F2 22| A Zlo] LE Tt &|0fOfF $HC},

Rationale—There is potential for bivalve farming operations to exceed the ecological carrying capacity of the body of water in which they are located.
Ecological carrying capacity has been defined as the stocking or farm density above which unacceptable ecological impacts begin to manifest (Inglis et al.
2000). This happens when the removal of phytoplankton by all bivalve farms in a water body, including the applicant site, outstrips the capacity of the
ecosystem to replenish the supply, resulting in adverse conditions for wild and cultured populations. The ASC Bivalve Standard addresses this issue using
relatively simple calculations that compare how long it takes a population of bivalves to clear a body of water (clearance time—CT) with how long it takes
for tides to flush that body of water (retention time—RT). Please refer to Appendix | for the rationale and specific formulas for the carrying capacity
measurement, including a protocol for defining applicable water body boundaries. When carrying capacity is exceeded, farmed areas should have or be
part of a bay-scale management plan for addressing potential cumulative pelagic effects from multiple farms.

0TI K|HIE QI O|OHIHF ZE(OFM X AAENO| OF EE X 0] 2T BATL gle 79)
HotAZ17] o East Y=0[Ct X|HfE Ql Zo| /K| Atz 1 8 S| X[CHe| HEZFO| 7| =8l of o
A4t2 O|OHIHF=H(BE, Zt2lH], =74, =)0l thet S7HE ofutg HIo|Hof 7| Z=3tC},

Clearance time is the number of days required for the dominant bivalve stock(s) (wild and cultured) to clear the volume of the bay or regional water

body (i.e., sites with no clear boundaries). The dominant species census should be based on the peak standing stock during the year. The calculation is
based on published clearance rate data for the bivalve group (mussels, scallops, clams and oysters)

UHF AIZES =L O EE 90 AT ST &2 MojuiE 7|7HE)olCt.
Retention time is the number of days for tides to flush a volume of water equal to the volume of the bay or water body

“PPT £ THof| Al AlEM EYIE IEYS UNSte O 2% L0|CH (F, AIZHY 2o B EYIE
WA E7h PPT= A= 2ol g7k Wt H|EO|Ct (B) A|2H LHO|A PPP(Phyotlankton 1%t
AR BE @24 5, HEE GlO|E Ei B [ Y= HIES 5022 Y0 9N HZoRRH
=g = ALt prPe HHE ZAL o F RHOM RS 5= UCEH
PPT is the number of days required for the replacement of the standing stock of phytoplankton in the bay (i.e., time-scale of phytoplankton population
growth). PPT is the ratio of yearly averages of phytoplankton biomass (B) to phytoplankton primary production (PPP) within the system. B can be

estimated from chlorophyll a measurements, published data or satellite predictions assuming a carbon to chlorophyll ratio of 50. PPP can be obtained
from published results or model predictions.
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Criterion: Critical habitat and species interactions

INDICATOR REQUIREMENT

231 BE 97(0) M Fw0|Lt 150| o|ESH gle
MALR|Of That Sf8f 18

Allowance for harm to threatened/endangered species® or the
habitat on which they depend

TH— SR ojoim 7 M YUY 2 BF ?1710 Mot T =0 B+ Sast MYX|7F U= Ko
XS At X d=2| CiFdS EEDHZ| fIBiAM, ASC Ooimf 7 EFO0H|4, O|OHIF A 0]
SaAMAXeL B0l OX= MY ol el 1efst= AS S25HA o 7Itt o2t O|7 =, M et
A0, SAZ0[ BE 7|0 M SOIL AS0| °[Este MAMX|Of LE IS OX=E
5| 83tX| S AO|CL O] A2 AlF0| TH|E sX=S +2517| ?I2 +H22 Y= A8 TR
20| FotA HEE HE (7 Y ASoM siX 2ES HiMSHA| H_AXT, BF
710 Mt FOILE 2AS50] o[EStE MAX0 Tt 20| ACHH Y Y2 ALK E=S

0|t

Rationale—Some bivalve shellfish farms are situated in areas with critical habitat essential for endangered species survival. In order to preserve local
biodiversity, it is important that the ASC Bivalve Standard takes into account potential risks that bivalve aquaculture poses to critical habitats and species.
For this reason, in the proposed requirements, farming operations will not be permitted to adversely affect endangered species or the habitat on which
they depend. This is particularly applicable to shellfish operations that employ dredging as a means to harvest crops that are ready for market. Although
we have not excluded bottom culture from potential certification, dredging will not be allowed if there is a significant risk to endangered species or the
habitat on which they depend.

CHOIE2OE 2 O Y(dA" dY £ EYS S&0H ot RY 2y €F) 52 2272 8
Yol +2Y-HO|, MMYESS WESHAL X HO|LE AL 22 2 Y0 ot =504
MEBES O & fEoitte A2 QESHACE D2t FA [R5 SAToM ST A8

S
[ = O SE& S = =0 THEE AS

o=, 152 d=5| ojC| 2 7toF EX| & €1 2EH0[d HAHC gEez Ij7RE 2

The Dialogue acknowledges that harvest methods, such as dredging (either with a "dry" dredge or with hydraulic jets that loosen the soil) or raking with

hand rakes, will disturb the benthos and cause some degree of mortality to non-target organisms, such as worms and crabs. However, when a grower uses
a dredge on their lease, they know exactly where to go and will harvest planted shellfish in an efficient and systematic fashion.
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ZSS EENOizo| 2ROR QI3 FI|Mol 450 B MSE|0f ULt (DeAlteris S 19991) 0|2{ st
stHo| ZE52 M HITS AL MTLASID HQE EXESo| 5o 20| i3t LhAo| Y
7|8|7 0/ = 01 Z&0| ULk (Coen, 1995) X0 2B 0|28t $AL G 5 £ I < oo
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— o 1.

As defined by national law or as found in the International Union for Conservation of Nature Red List of Threatened Species.
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Most shellfish farming takes place in shallow coastal water with a sandy or silty bottom. The species that live in these waters are well-adapted to periodic
disturbances from storms and wave action. (DeAlteris et al. 1999) Species in these environments tend to be opportunists that rapidly re-colonize disturbed
bottom and are tolerant of high loads of suspended sediment. (Coen, 1995) Studies have shown that these environments will recover from dredge
harvesting in a few weeks or months. Perhaps most significantly, shellfish farmers replant seed (and often replace shell) following harvest. They will allow
that seed to grow undisturbed for many months (in some cases, up to six years), replacing and improving the firm substrate that provides important habitat
for many species. It has been observed that cultured bottom is typically far more diverse and productive than nearby areas devoid of shellfish cultivation
or areas that are regularly dredged by wild harvest fishermen. (DeAlteris et al. 2004)

24 7|E:#HEH AN

Criterion: Environmental awareness

X E eH
INDICATOR REQUIREMENT
2.4.1 34 W| XY M Hg =4 e 2 2|
H=lol Al Q=

Evidence of environmental training, compliance to regional codes of

Required
practices or implementation of environmental management plans

2H— YA Y0l TS0| KB X 0| MEfSIY PANO| LHHO S 0XK| YEE 57|
OFRISt ZXI= YA QRS0 MU 27| BY NS LEZ st HOICE Ol YA YRS
B3 Dg/EU0| FHE QT Y| B ¥R WEL B2 A2 FAGHEE 2T ORN

Rationale—The final measure to ensure that farming operations are not adversely affecting the ecological integrity of the area in which they are located
is to make certain that farmers have the appropriate level of environmental awareness. This can be done by requiring farmers to have evidence of
environmental training/education or to be in compliance with a set of environmental codes of practices and/or management plans.
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PRINCIPLE: AVOID ADVERSE EFFECTS ON THE HEALTH AND GENETIC DIVERSITY OF WILD POPULATIONS

. - = - -* o - = =t <

Ol OJfHF 24/ 22 £ &/E SAZ o o/ ofF X FRaE Sof OFY WA= A8 = +
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Issue: Bivalve aquaculture may pose risks to wild populations through introduced cultivated species and exotic pests and pathogens. When species are
introduced into an area without a proper assessment of potential risks, they may cause increased predation and competition, disease, habitat destruction,

genetic stock alterations and in some cases, extinction. Farms using hatchery seed to cultivate native species have the potential to affect the genetic diversity
of proximate natural populations.

31 7|E: EYUE S L Ha

Criterion: Introduced pests and pathogens

X= e
INDICATOR REQUIREMENT

3.1.1 E7t © 103 O|LHOf| SiE AlEe=z Qlot
oo
= A== o =] -+ =r
HEX O|F, iz E= Eodl 28 =2 58 HATS
Allowance for the illegal introduction of a non-native species, pest or None
pathogen attributable to the farm within 10 years prior to assessment
ol =
3.1.2 SH S/E= SAY YHlz Qo 2 8l s
Qo WX Y 22 Y SYE TRESO| T4 a27g
wE M BY M| WS Eodts 5 243 L

Documentation of compliance with established protocol or evidence of
following appropriate best management practices for preventing and managing
disease and pest introductions with seed and/or farm equipment

2AH— SHSMENH Ol MOl BTty Salo| FE gole gaiFol =eoltt

JAH o=z, IiF Aol HE|AE2 2t MAX| mhajel Hekol| thadtALL &Sty i 5F
HAFE@QE5)e s HEAC ol2ct d55=2 257 ofeh oY dEfA o dFt HalE
Yozich mFol =Uof T2 MefetE, RHE 9Ho| B wMo)E, Yot} A 0fZ0| off
=/ts & == YLK ERUACL(NRC 2004)

OlE S0{, &= (Crassostrea Gigas)2 Y=0| Ues NVYL=HH HIE Aot ZeE HEO
CURACE Ao HEfSH Fe2 X|S7K| X EX H2 AMEH EEF F52| 0|30
O|27|7HX| CrYSICE SAXf O|DHIfF Aot HHE o= Qg @[&2 utEE = UACHNaylor 5
2001). = & & S LAY o2 T Y E MER, H|AF O|IHIfF 52 AMIX| SUR/AT| W2 O[T},
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Rationale—A Ieadlng cause of biodiversity loss in aquatic ecosystems is the introduction of exotic species. Historically, managers of shellfish resources
frequently employed introductions of non-native species to counteract or reverse the impacts of overfishing and habitat degradation. These actions have
caused profound changes in some coastal marine ecosystems. The ecological and genetic risks of shellfish introductions are well-characterized but so
poorly quantified as to make generalizations or predictions of impacts impossible. (NRC 2004) For example, the Pacific oyster Crassostrea gigas has been
introduced from its native home in Japan to all continents except Antarctica. (Mann 1979) Its ecological impacts range from not thus far detectable to
displacement of native species. The present day risk from introductions associated with bivalve aquaculture may be overstated (Naylor et al. 2001), as no
new, non-native bivalve species has been introduced for aquaculture purposes for several decades. Introductions by mechanisms other than bivalve
aquaculture (e.g., via ballast water and the pet and live seafood trades) pose larger threats to marine biodiversity.

3.2 J|E: KZIMsEopME R T

Criterion: Sustainable wild seed procurement

=5 A

INDICATOR REQUIREMENT
3.2.1 ' d(larval) {2 E A <l5t, FOSEALE =T &
OFd S22t el #EEX| &2 SHOA ®F =X QT
U= FH. Required

Excluding larval collection, evidence that purchased or collected wild seed is
not harvested from an open-access, unregulated source

TH— CHE X[2[H XS AO[oM E4 52| 0|52 OFY 7iN[e| Y CHEdo fIdE =2
= QUCL O] EX= €0l = 7hFe| YoMl HE /N0 2350 =2|=|0f ZtCt SHA[R, T &7 2
MHZot= =2, 209 T2 A ZlE MEHXof et fHa=sit HSo| o nE=2

ZotEIC g0, S Y I R= B fdS 22 HEL D 0 @2 S 20 8 X0l

. =
Z|AB}BHC} (Hedgecock & 2007a).

Rationale—Translocations of native species among different geographic areas can pose risks to the genetic diversity of wild populations. This issue has
been debated with respect to escapes from salmon net pen culture. However, salmon populations, unlike shellfish populations, are highly structured by
homing and adaptations to natal freshwater spawning grounds. Marine shellfish, on the other hand, have widely dispersing planktonic larvae and typically
show minimal genetic divergence over broad spatial scales. (Hedgecock et al. 2007a)

Of4{(translocation)2| &X|= OfOt= LAHO| Ofd FHE Adot= Zdf 2GS0 T F AH0A
7t At ZdE AO|Ch OFY RO HAO ofEStE I 7 AT 28 27 =U2 OFY 4=2
HA K& 7tsds 2 + A HMY figel 7t 222 ottt 222 2tof FARS0| LHE

XG0 xSt SELE ATS 2ESHALY, E= X HR Mot ol ZRE £t U= 827,
Y= floh obd SRE st LA0| X O|IF K2 SALE ZiM A 4SS
OJX[=X| OiFE Z285H7| floll B7t7F ERSIL} 02t O|7=, AAE X E2 7HgE =Xl oFd
TRE MEots AT 2 25 &= =+ Slbt

The issue of translocation probably arises most often in shellfish aquaculture with respect to sourcing of wild seed to stock farms. An environmental
requirement for shellfish aquaculture operations that rely upon translocations of wild seed necessitates an assessment of the potential risk for overfishing
the reproductive sustainability of the wild source stock. Therefore, if growers are transporting seed or spat collected from other regions or harvesting
excessive amounts of seed locally, an assessment is necessary to determine whether or not the manner in which the wild seed is collected for grow-out
adversely affects recruitment or demography of local bivalve populations. For this reason, farms that use wild seed from open-access, unregulated sources
will be ineligible for certification.
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Criterion: Introduced non-native cultivated species

X = 2u
INDICATOR REQUIREMENT
= — =<
3.3.1 H EAF SAFo| = 0| CHet MAO[ TAH Q7=
Evidence of responsible! introduction of non-native cultivated species Required

o/— HFE2 ¥ X9=2 olo| 230 2= s4=2 = ZtEet gAs 2AdS 7HX|1
U T, o/ =HO| AL REHY =S 97| ?let A2t Ald2 252 + ULk 517 4= T2
s He 2 585t % (OIE =0, RollotA| B2 & =50 g J) F7rHe == &0l=
ol HH2 A WY B eI (ICES 2005) "2 ZE" & == AO|CH

Rationale—Most growing areas already have stringent requirements regarding the introduction of exotic animals and plants into the environment, yet
regulations and enforcement may be insufficient to prevent intentional or accidental introductions. Where introduction of a non-native bivalve species is
allowed by law (e.g., a species identified on a “clean list” of non-harmful species), the best practice for reducing ancillary introductions is to follow the
International Council for the Exploration of the Sea‘s (ICES 2005) “Code of Practice.”

i

—, O
. 5t & = o
2AS55t7| g 5{7+E O[O ohof
At a minimum, farms must have a permit(s) substantiating compliance with ICES guidelines for introduction of exotic species and certification to ICES
requirements regarding parasites and pathogens.

A FAYE QEfFol =0 Ci3HICES X E 1t 7| S0t HRARO| Tk ICES 20| et T F
o
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Criterion: Native species cultivation

XE® eH

INDICATOR REQUIREMENT

341  SSEOM MAEE SR 49 8 21
S0t O 20| HAIY Xl2x Foof tigt S a7s
S3E S H7| Y HSOT LS 2N} Bof Required

SICERE2 &5 1 EX)

For hatchery produced seed, documentation of efforts made to address
genetic concerns specific to species and geographic region where the seed will
be out-planted (See Appendix Il for guidance)

oH— MA IiF FAYe 4FFE0| F2E o FRO| oESIn U7 IE0, XY S
Olslist 7iMSt= Z40| B RSICE 7t (proximate) OFd &= 7HX|=2| R A CHYH 2 FIHE =
SIMA7|E A 2o, & O F FA Y2 Kt Q1o Metdo|Lt M-S0 kS 0|& 5= ULt of2{3t
fleel ot EE2 RUMoRE OHE RHTHe 222 Qs O|Alof A &= A1t 5 LS, {0 A
=2|ot HiQt 20|, Xt QI ALO[2| =2 RTA S8 M&E0| O|0fIij 77 HNSES0H = &l23H2
== HOICE o|2{st f@el CtE 222 23 2 F0A =M O|AHLE o =5HA| gi2 e1fE 2l
MERO| o8 E7tm|stA st RTA Hzto|oh ( "FA2" MEH OE =0, 12 MHE &%t
M (fine-mesh screen)2 F’d(larval) BIZOIAM 22 JWME ZENSH?| Qs IHFOM EHISE
AHEEICE O] ZE2 tHHE R/ UHZ ol MElZ o= UL Ot 0] EMES0| F7| X MEDF FZ-o
BEMo=z e QJUCHH, O2|n oY Hald FRo| da| M Aoz Qlgl ojz{st MEE
So1% =7 XY M2 E YO, O M= OF 7HM| el HAl 30| JEXCEE= E0&
= UCEH B2 EEE0| 0| 7tz ME0| HEEH 5= ULE 2, Bt 2&2 fRTHHE o
oot Xt=7F QiC AN 2, FotE ot X MAXo 28 Fd dEES fIo RUAY &oHF 42582
F5t= dEE dA5t= A2 o2 AO|CE O30z E+5t, 8% CHydolLt M0 Chst
Sottalol JfMo 2 Qlot 22 Aot A ZLEHEZ S &2l = AUACh(Hedgecock H

Coykendall 2007).

Rationale—Since a substantial and growing fraction of global shellfish aquaculture depends on hatchery-propagated seed, it is necessary to understand
and ameliorate the potential risks. In addition to potentially diluting the genetic diversity of proximate wild populations, hatchery-based shellfish
aquaculture may also affect the fitness or adaptedness of natural populations. One part of this risk, from mixing of genetically divergent populations, is the
same as that faced in translocations and, as discussed above, appears minimal for bivalve mollusks, owing to high gene flow among natural populations.
The other part of this risk is the genetic change inevitably brought about by intentional or unintentional artificial selection (“domestication” selection) in
the hatchery environment. For example, fine-mesh screens are used universally in shellfish hatcheries to cull small individuals from larval cultures. This
practice may select for rapid larval development. If this trait were negatively correlated with post-settlement survival and growth and if, through
widespread farming of hatchery seed, this selected hatchery stock were to swamp a local population, then the reproductive success of the wild population
could, in principal, be reduced. Many traits could be subject to such domestication selection. Unfortunately, there are no data on the genetic impacts of
hatchery practices; indeed, designing an experiment to measure genotype-by-environment interaction for larval traits across both hatchery and natural
habitats would be challenging. Nevertheless, risks from hatchery enhancements on genetic diversity or adaptation are manageable with appropriate
designs and monitoring. (Hedgecock and Coykendall 2007)

Foby o 2itNel 2 83 AL 759 T BetE O/oh7| o 3A AtSE[0{0F StLf.
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Effective size of hatchery stocks must be kept large to avoid inbreeding and random genetic changes. Other best practices that diminish the risk of genetic
impacts of hatchery-based shellfish aquaculture are to use local broodstock, rotate broodstock within spawning seasons and between years, and avoid
returning hatchery-propagated stock to the hatchery as broodstock. These practices reduce the possibility for cumulative genetic change, owing to
domestication selection. However, practices designed to minimize differences between cultured and wild stocks also prevent domestication and genetic
improvement of farmed stocks, which, in the long run, could lead to desirable increases in efficiency of aquaculture production.

Ofd Z1f £t T AL0[e] =& ™S MAHSt= o 71X &2 (¥FAlS2 5185t o|ojmiF
AMs=2 FHE JfME ASZSte A) FAYE Fo SE 2 TtE= Z0|Ct HiH|(triploids)& &
AtEt7] SOt HAIEM S Z0|1, O X|E J&0| =2[1, 17(9| S S&A7|7| fIsh THFoM =38
FZEICE (Alen and Downing 1986; Nell 2002) &fHf Xl = 20t o 2 A E[7] [ 20| IfF AT A
ALESHE A2 YA Ol EF = F2E AO|e REA S ES FHLE ZAA|F[7] I|Z0|C
O2fLt AHfH = 2l2iESe =of Chsl ¥7|XMel B E MSSHK| %=Lt (NRC 2004) 3H{A| S2+=
ST 2HH K| 2 4HHN[C] =Z S| HRIE =FHAIZLEMN HLAEICEH (Go & 1996; NRC 2004) 24 LY
HAZISHO| A= 4HiK K S2l WESE0t2 O|A 2 siZx|7] AlZFSH 22X O[Tt (Z{mH2{ 2 2009)
Abi&| 2| &=0f CHot O|™ HAOIM I=0| HX= 28iA| 7K S2te] BN SHSHI|0f Z&23|

—

4ot Gitt= AS & &= AL

One way to eliminate the risk of interaction between wild and hatchery stocks (thus permitting domestication and genetic improvement of bivalve molluscs
to proceed) is to render farmed stocks sterile. Triploidy is commonly induced in shellfish to reduce reproductive effort, divert energy to growth and improve
meat quality during the normal spawning season. (Allen and Downing 1986; Nell 2002) Because triploids are effectively sterile, their use in shellfish
aquaculture dramatically reduces gene flow between farmed and wild native or naturalized stocks. Triploidy does not, however, afford long-term protection
against the introduction of a non-native farmed species. (NRC 2004) Triploid seed is currently produced by fertilizing diploid eggs with sperm from tetraploid
males. (Guo et al. 1996; NRC 2004) Bio-security of reproductively competent tetraploid stocks in the environment is an issue that is just beginning to be
addressed. (Piferrer et al. 2009) Early experience with tetraploid Pacific oysters suggests that they are not robust enough, at present, to out-compete
diploid stocks.

35 7JE:QEHEI=

Criterion: Transgenic animals

X = e
INDICATOR REQUIREMENT
- e =] o o
351 HEMSS20 Y458 gs
Allowance for farming of transgenic!? animals None

A YUHOR W MY SBO| Y42 OPYS SO it RN I AT FIHHQ

Al

Ho
i

5 ol o= HE N3 oo o o oF

OF7|StCt Of2{¢t O| R 2, B& et =22 0] 27 = oM S8 &[X| =Lt

Rationale—The farming of transgenic animals, in general, creates additional issues regarding genetic impacts on wild populations. For this reason,
transgenic animals are not allowed under this requirement.

SCH2 ZoRRE SYH KK
Introduced genes from other species
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PRINCIPLE: MANAGE DISEASE AND PESTS IN AN ENVIRONMENTALLY RESPONSIBLE MANNER
Ol7r: BY Z2/E= O/ GEfO] &E LG 0ME SRr8F 2A0/Lf. ASC O/HfIfF HFZE FH
YEfA o) 7t 8 oF ZfE & FEE O/A= FE4f o1& #2] E&Z /o £ 55l QLY

Issue: Management of diseases is a key issue in any form of intensive farming. The ASC Bivalve Standard strives for disease and pest management practices
that have the lowest impact possible on the surrounding ecosystem.

41 7|F: 2 4l oli= el =S

Criterion: Disease and pest management practices

NE: 2
INDICATOR REQUIREMENT

|_ = S oHd
411 YAF EE YATO| SEO| O SO R,
(o K=}
_|_ o e =
A E= 7Y 45N X 5 EF HATS
Allowance for the application of mutagenic, carcinogenic or teratogenic W
pesticides on the farm or farmed animals
L = — o =
412 oY =, AT E= As S0 S42
(o k=)
o L AlaF =2 -4 =
QR|E|E Bfst 22| MG 5 kS
Allowance for the application of chemicals that persist as toxins in the Ll
marine environment or on the farm or farmed animals
413  SiSO|Lt BHOI 27(FZe=2| 22| H| X|ALH 2t
L5
(Ol B R, 4| 2 R ) .
Only non-lethal management (e.g., exclusion, deterrents and removal) of es
critical species’® that are pests or predators
414 FNH KGOS0 YHM Ee HE(lead sinkenE olo
HA DY
S A [
ANEE = A= EF None
Allowance for the use of leadline or lead sinkers on predator netting
il:ll- = 2 2 o
415 = AL 58 ol
Allowance for the use of explosives None

oTH— I F SAYUXS0| FBESIL e 71 o2 28 T 5= 2, ZASE, oiF, 121
LEEEH Y E(Fouling organisms) X2t 22|E ZototCt IEE2 T44F T=2 B2 7|45,
ghE| 2|0}, HIO|2{ A Ao TIZSICE (Bower & McGladdery 1997) H2 £=Z9| XN Ztg2 79|
LYl 0|0 THEF At gsm- I F= 7250 HA HAE 7tT JA| F7|H 0|22, YT =0
SOYOM MUH, B2 2| SSS0|7 LO|Lt A E MEY ZHEQ Wo| gict.

° =27t Hojl 2l Holg|ALE IUCNS| 2 97| & 220 & Aat 2t
As defined by national law or as found in the IUCN Red List of Threatened Species.
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Rationale—Some of the most challenging issues faced by shellfish farmers involve the control and management of diseases, predators, pests and fouling
organisms. Most shellfish species are susceptible to a number of parasitic, bacterial and viral diseases. (Bower & McGladdery 1997) Low levels of sub-lethal
infection are almost routine and mass mortalities are common. Shellfish are primitive organisms with rudimentary immune systems and, once they leave
the hatchery, there is no economical way to deliver drugs or antibiotics to significant numbers of animals. Perhaps the best hope of controlling the spread
of disease is through the use of management practices that call for the pathological inspection of animals to ensure that infected animals are not moved
into areas that do not currently have endemic infections. Long-term selective breeding programs that mimic nature by amplifying the genetic tendencies
for disease resistance are also showing promise in limiting the impacts of diseases that are already endemic.

Q&(REE HEls ofot: B2 IjF FAYAXSA 7HY F =XY ZAo|ct ofz, HtE, dg|n
ZAMSEERH SEES E357| o SAXE0| AHESHs CHYSH ZAH|0|H 7} HSSh= EHEFo
J18E dfx, CHE IfF, OfH|, d2(n e FFo| mEH et ofn|HIE EZgst 2
LEEZEN Y E(Fouling organisms)E 0| A O|&&Ql MAIXIE KNSTHCh LEEZEHEE2 0|7}
SET 22| S E2 Y=, E& HO|E T4 (FAB1) BEstH XT diaES 22, 2, 7HXE
o2t REERIHMES 2 MRS FHIE, E F00| A HH|ol FAHE FHf o4z 2|0
= A MAX| 2t g = QUCH Y2 SAAXGES Y HE2O| 30%7t LE(FE) #2|of o] At
YL (Adams 5. 2009) &2 ZX|0= 2|m|(0Al: SA HES LEEEEES /Y HAZRH
LAHCZ Heldts A), 22| MAHOIAl: 23, E2A| £ TSMAH), LEEEhdES F0l=(0l:
37| & AX Es G, OLM|EA B2 Mo 22 CHYst 74 80| B27|) S ZX[7h ZeHEICt
Ol 899 L2 0|0] HIXE(AF E= CaCo3)dN HARE 8 2400, HEY Fg U
4

H7|(HEet 540| HEEl= BF)ots o #HO| ot 77|Hof Aol Fekol glE AO|Ct.
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Fouling control represents perhaps the greatest challenge for many shellfish farmers. The firm substrate offered by shell, ropes and the various containers
that growers use to protect their crop from predators provides an ideal habitat for numerous fouling organisms that may include seaweeds, other shellfish,
barnacles and many species of tunicates and bryozoans. Fouling organisms block the flow of food-rich water, often competing for food and frequently
decreasing the quality, appearance and value of the end product. Fouling organisms can quickly colonize clean gear, more than doubling the weight of
culture gear in a few weeks. Some growers estimate that as much as 30 percent of their operating costs are related to fouling control. (Adams et al. 2009)
Control measures include avoidance (e.g., temporal or spatially keeping the crop away from the larval stages of the fouling organisms) mechanical removal
(e.g.,scraping, brushing or power washing) and killing the fouling organisms (e.g., air drying or dipping in various caustic solutions such as brine, acetic acid
or lime). Most of these solutions are components already found in seawater (salt or CaCo3) and, as long as they are handled and disposed of properly
(allowing for appropriate dilution), there should be little impact to non-target organisms.

s ZASES2S WF FHEANSAHA Fast /€S 7retth 12Eo IRE A, S7HAE,
=17|, 72|, ZAg 2YO0|, Ciold M0 i Xl HAZ|O|Ct. FHH| JEfo| LAFO| & =
ZHoll 742l 100%01 71t2 H&5 A= A2 EE €0| OtL L FAAE2 MESERH LTS
22517] floi AHEElE AW wARR YEO O|27|HK| s&=S E=ot7| ?ldf ttdet 24 5=
HMA SXE HEHCE Mol 82, goll 2o X|EHQl SH =AZRE E2ds Y552 EX
M GRS HI==oHA O[MLE ~Zak Z2 HiA FHOIL WX[H(FSH)O| 2lEoioF ottt
=7MAtE], 22k, Ak 22 O JAHQ ZAXSA, FMAE2 etz FHat Ho| =gt s
AMESH wAZHE = SHYAS2 1800 FHEE S7HME|E B4 CHRELL (5, 272
ot = =0 2 2 772 B atE) 152 £ £

MM 3] (Ca02)2 AFERMLCEL (Urosalpinx cinerea). B2 TS EAI0ME E7IAE]7
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Pests and predators also pose a significant threat for shellfish farmers. Shellfish at high densities (especially juveniles) are a tempting treat for armies of
crabs, starfish, fish, rays, predatory snails and diving birds. It is not uncommon for unprotected plantings to suffer near 100 percent mortalities in just a
few weeks. Growers have developed a wide array of predator exclusion devices to protect their crops, ranging from mesh bags to rolls of netting similar to
those used to protect fruit trees from birds. For birds, which in some cases are protected from lethal control measures by law, growers must rely on
exclusion barriers or repellants such as lasers and noise, similar to land farmers. For more primitive predators, such as starfish, conchs and crabs, growers
typically use a combination of barriers and trapping. New England oyster farmers have relied on dragging starfish “mops” (i.e., large weighted cotton ropes

that entangle starfish which are then dipped in vats of boiling water) since the late 1800s. They also historically used applications of quicklime (Ca02) to
control starfish and oyster drills (Urosalpinx cinerea). Many jurisdictions continue to mandate lethal control of starfish wherever they are encountered.

o AS0|E 5 + A= 217t 7| W20, ol2fet 49| k2 FH0|L, YAIHO|H,
qdd 7tsoHR| 2el5tke A0 SROICE Eot O WSO BF 2A7|0| Mg ZSS0A oHE MK[ALE
.l

St = of—
SRt MAX O S4HQl ks FX| e A S 2510
Since any action will have some measurable impact, it is important for these requirements to ensure that the impacts are localized, temporary and
reversible. It also is important that the actions do not cause harm to endangered species or have a permanent impact on critical habitat.
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PRINCIPLE: USE RESOURCES EFFICIENTLY
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Issue: Although shellfish farming has one of the lowest carbon footprints of all intensive/semi-intensive food production systems, it is reasonable to expect

shellfish farms to be efficient and demonstrate sustainable energy use. Also, proper waste management and pollution control are important in minimizing
the impact that farming operations have on the environment.

51 7|E: JHIxl= 3F/29 &

Criterion: Waste management/pollution control

N 2
INDICATOR REQUIREMENT
11 o7|E A AR S Jjse
5 1712 220 WAL % HE ) ang
RN vos
Evidence of waste reduction (e.g., reuse and recycling) programs
512 =Y 7| E2f HES Bt Sl/E= Ke[of
o = 274
st 571 e
Evidence of appropriate storage and/or disposal of biological waste
513 ot 8l Etot4 W7 E2 HESH Hat S/t
— |
H 7| EH 274
Evidence of appropriate storage and/or disposal of chemical and Yes
hydrocarbon wastes
5.1.4 LAY 7ot otet = H/EreteA
|
Sz=ubx| 9l CjSutot 274
Required

Spill prevention and response plan for chemicals/hydrocarbons
originating from farming operations

TH— OF SAHEX FAl H7|= M2 S MYMOF ol =2 =let=Fa Eetes REEREH
Ho=olop ottt EMY 280 S22 oY S tS A=0| O3 E0{0F of, FAT HES2
H7|2S 425 Mot oot O Eelea RESS OlYsta 2ot O 2% n{s BOLo

ohLt.

Rationale—Shellfish growers should also be responsible for waste disposal and protect against harmful chemical and hydrocarbon spills. Farming
operations should have sufficient prevention and response plans in place and farm employees should have the training necessary to properly dispose of
waste, and prevent and manage chemical and hydrocarbon spills.
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Criterion: Energy efficiency

XE 274
INDICATOR REQUIREMENT
5.2.1 kg A 2ed WS fIsh X[SFQ
C I BRE o] AFRS| BUIHY S 27&
Evidence of energy use monitoring relative to production and ongoing ves
effort to improve efficiency
52.2 LA |0 EE 3 LHT))0f CHEE /X2
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7|20| [ A0|H AL THst /78

Maintenance records for farm equipment (e.g., boats and generators) are up to ves

date and available

Al
—

ol
—

()

02

[ 7|-I|- = g|-7=|

2H— 7|S wstet 913 =
20 5| Qi matA,

SRZ LIEFUCH 0| |

—

HEah 3 el Se2 oA 5 02 MCH7F 225t
L
= 7

4 Hofl AFE &

ME Y

OoF
==
r>-

o
ZHdstan of| X[/ H], S| MehH el B 7| Oill—ﬂl ZH I

YAISHCE

Rationale—Climate change and the impacts associated with anthropogenic CO2 emissions represent the biggest environmental challenge facing current
and future generations. Because of this, energy consumption used in food production has become a source of major public concern. Therefore, the
requirements state that on-farm energy consumption should be monitored on a continual basis and that growers should develop means to improve
efficiency and reduce consumption of energy sources, particularly those that are limited or carbon-based.

1
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PRINCIPLE: BE A GOOD NEIGHBOR AND CONSCIENTIOUS COASTAL CITIZEN

Ol TR FHF2 FF FH Y S50 Y FFS U2 + Q= KGNS/ FH2 B EAYBHCH
SO A2 O|RLEIOY LY S| ELUXE LIBf 2652 OJBTYE S B MBI A2 S0 428
g2 08 + 2t

Issue: Shellfish aquaculture often occurs in close proximity to communities that may be affected by farming activities. Conflict resulting from a lack of
agreement over how coastal resources should be used can severely impact the social sustainability of a bivalve farming operation.

6.1 7|E: X|GA 2] 24 U =X

Criterion: Community relations and interaction

PN A
INDICATOR REQUIREMENT
6.1.1 =0 20|= RR=2 BOAM 2| X|Fet
42 E HMelotn st M0|0{ofF ot (dF o=
Xlg:"Oﬂ &!% 7|'%-§' 70:“?— Required

Visible floats must be of a uniform color, except where otherwise
specified by law (if applicable to growing area)

6.1.2 HEO 23 X|YE E*E Melste =Holvtssot
=~ o o
UATo| YU QK| L W (8T Kol X8 Qs
7|'%-ﬂ' 70:l _Cll) Required
Uniform positioning and orientation of visible farm structures, except where
specified by law (if applicable to growing area)
6.1.3 IS MZE AE|2EZ(open-cell Styrofoam)2 2 oo
oy HA TS
oHE 2R=0 et &8 None
Allowance for floats made out of open-cell Styrofoam
614  CHE XI%0| P22 Oj8 Qe AT 28,
|
%, WMol A (4T XG0 MG THs F9) Tz
Noise, light and odor originating from the farm are minimized in areas G
where it may impact others (if applicable to growing area)
6.1.5 2E = Y A 2 78 =0
o |
Cist 571 e
Evidence of compliance with all applicable navigational rules s
and regulations
6.1.6 SIX| =40 27{3}0] EH|(gear) A0 CHoH
o o |
SHOTHO A Al 2 A3t Ha| 2T E
Require

Documented cleanup of receiving shoreline in response to gear loss
based on local conditions
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6.1.7 LA EFAE M et ZH|(o: E2E,
A0I%|, 7t ZASEE A= X ASMEHE AlEY o=t
& U (4T R0 BB I5 B2
Substantial gear (e.g., floats, cages, bags, predator nets and racks) is
identifiable to farm (if applicable to growing area)
6.1.8 7|10{(FH|) 2|+=& fIet =7 S (of: 2= &
EEHEE) S
Provision of equipment for gear recovery (e.g., scoop nets and iy
grapple hooks)
6.1.9 He{ & FAEe H7|E flet A LIS
H2{Zl FHE F=Hst= 2 £ A 0| o=t
A|'6<':|)'|E|__l|_ ()?JI\EI' Yes
A mechanism (e.g., insurance or an industry agreement to collect
derelict gear) is in place for the decommissioning of abandoned farms
6.1.10 A S/HHES SER 2 ZX iZES
o —_ " — L
QI3 MAtS| B7E EfSH= SE oj ZRES 8T8
Conflict resolution protocol, including publicly available registry of i
complaints and evidence of due diligence to resolve them
6.1.11 B2 34 O: 718, w2, X|GAe] 2 B4
CHNetel ol tE= EARE 82 =230 T
- [ |
J_'_'—I-E'—E'—I 2|-°L.I xl-j_:‘i) Required
Evidence of outreach (e.g., meeting records, newsletters, consultation with
communities and indigenous groups, or membership in association with
documented outreach program)
6.1.12 0 ZEro| He[of thet 217 8el A
CERENEE R m
Evidence of acknowledgment of indigenous groups’ rights (if applicable to e
growing area)
TH— LR FH X|GAt| 2H0] S 50| 2dg = ACtEso| XS FX| %= RSt A
Yot YRS Ao M BNH G Hastets HS SARIC| Mo|Ch MARIQ}
K| GAte| 7H0f| ZdSt= 282 X[FAr2[e] 2 20| HA[O| HSE2 M7 | &= AT 7t 2524
ZHMS SOl ol Z/0fOF otCt. X|HAte| ME|2f FA AXS | 422, FAYUXZ 7| A
Jgo BAE 2EE D 35 ASHOICL 0l2fs R0 BHES XIHAIS|TL WARIC MEEGE
YISt SUT WHS XED 41 WKL RAO| YAT RS MUY UM KXISH SAIOf
SHHO WA R X HAS| ABR8Y & YEE sHe O[T

Rationale—Conflicts may occur between producers and surrounding communities. It is the farmer’s responsibility to minimize potential impacts by
maintaining clean and orderly farm sites that do not impede navigation. Conflicts that arise between producers and surrounding communities shall be
addressed through a verifiable conflict resolution policy in which complaints from communities are responded to and addressed in a timely manner.
Community rights and interactions with farmers, groups of farmers and corporate farms are complex and often dynamic. The intent of these requirements
is to enable communities to have a clear and transparent way of interacting with producers and for producers to interact with communities in a positive
manner while responsibly maintaining their farm sites.
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PRINCIPLE: DEVELOP AND OPERATE FARMS IN A SOCIALLY AND CULTURALLY RESPONSIBLE MANNER

Of7s: OIOITYR L2 YYE FANY XY M0 S Tt A Y2 A= Y402
AYE/O[OF BILL. HF FYFOIN Lot NEEY £ EHLS FRD, YYF A2 FHLS XES0/
FHGH YREE B+E LES Sf0F P HEP FNY BFE 05 &5 I =5 U 4
SA} EGELL YR TLNE P BHY BN s FF D FHY Y FHES ST
RABH= O D2 EREICH AZ/HS SEONN, HF I L2

ZE BRS S oD HYHO Fg BIS Eof 22N HYH SXE YL P

FEINE B Z0}0 [FE9 AFSIE A0 L2t XA S 3 0I5t

Issue: Bivalve aquaculture should be undertaken in a socially responsible manner that ensures the operations benefit farm workers and local communities.
The labor rights of individuals working on shellfish farms are important and farm working conditions should ensure that employees are treated and paid
fairly. Appropriate farm conditions include no child labor, no forced labor and no discrimination. Complaint procedures and protection for whistle blowers
are critical to achieving and maintaining fair and equitable working conditions. Socially responsible shellfish farming should ensure worker health and
welfare through safe and hygienic working conditions with relevant training available for workers and managers. Please refer to Appendix Ill for extra
guidance and definitions for the following social requirements.
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71 7| 0l

Criterion: Child labor

X = eH

INDICATOR REQUIREMENT

711 Ofsi7 s At M 0

Incidences of child'” labor'®
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Rationale—Adherence to the child labor codes and definitions included in this section indicates alignment with what the International Labour Organisation
(ILO) and international conventions generally recognize as the key areas for the protection of child and young workers .1°Children are particularly

vulnerable to economic exploitation, due to their inherent age-related limitations in physical development, knowledge and experience. Children need
adequate time for education, development and play and, therefore, shall never be exposed to work or working hours that are hazardous 20 to their

physical or mental well-being. To this end, the requirements related to what constitutes child labor are designed to protect the interests of children and
young workers in certified aquaculture operations.
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' OtO(child)= 15M DJgte] AtZto @ Fo|gich ghof X4 AHEYO O =2 HYOo|Lt 9o/f us AHHO|
QTECH O 2 A30| Mg ZAo|Ch. 2Lt ILO ¥of 1380 MHE /H==2| Oz 0f wat X £ &
AHRO| 14M 2 28T O Z2 HE0| HE=Ct

A “child” is defined as any person less than 15 years of age. A higher age would apply if the minimum age law stipulates a higher age for work or
mandatory schooling. If, however, the local minimum age law is set at 14, in accordance with developing country exceptions under ILO Convention 138,
the lower age will apply.

POols =52 IL0 HA 138% M7x0| e JtHR ZS Melstn ofolel Holof HA|E Lol 2t of
Otz RE AP 2 Fol&rt

“Child labor” is defined as any work by a child younger than the age specified in the definition of a child, except for light work as provided for by ILO
Convention 138, Article 7.

Yoj2l Z2AH= 2ol Folgl vt 20| obs A1t 18M| O|Rtel 22 At2 Fo|EICt
A “young worker” is defined as any worker between the age of child, as defined above, and under the age of 18.

2 2t A2 00| ElE HAOLL BHA0 olsf 22Xte| AZOo|Lt oty siE 7E Ftsd0| e
g = "ol FE Lt

“Hazardous work” is defined as work that, by its nature or circumstances in which it is carried out, is likely to harm the health or safety of workers.
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Criterion: Forced, bonded or compulsory labor

PN A
INDICATOR REQUIREMENT
7.2.1 ZUH Oy, MYHS(BEINUE)2 EE
ZHHC s A 4P T 0

Incidences of forced?!, bonded?, or compulsory labor

BA— TOIRIE, 2Af A4S 9ol ZOINE RaALY, INOHOHSt 22 YR =52 MZQl me

AbeiTh X|jol A A2tet 2R O[Tt =S0| ZHHOIX| 422 ZHHY| ML A4S Y st

5 20| OBist=2 sHe HO| FRICH DEAIF AREA HUS HEY & QAL E= D8FT}

2ERO i3t Azjol(REXE) AESHHE T % HS D8O AUHOX YS 4 UTts

HAO|CH DEFE0| YRlol X MES ZYME FX UL A2 U2 58X Yct

Ola3t HAS FATHIY, YA ZAMO R HIUFH T& AHHQ EHS ALBSIA LSS
(o]

LIEHHCEY = 4= QUL

Rationale—Forced labor—such as slavery, debt bondage and human trafficking—is a serious concern in many industries and regions of the world. Ensuring
that contracts are clearly articulated and understood by employees is critical to determining that labor is not forced. The inability of a worker to freely
leave the workplace and/or an employer withholding original identity documents of workers are indicators that employment may not be at-will. Employees
shall always be permitted to leave the workplace and manage their own non-work time. Employers are never permitted to withhold original worker identity
documents. Adherence to these policies shall indicate an aquaculture operation is not using forced, bonded or compulsory labor forces.

7.3 7|=: XE

Criterion: Discrimination

y g eH

INDICATOR REQUIREMENT

7.3.1 A AtHo| ™

Incidences of discrimination?®

TH—58 S4(88, AT 5)0f wat Atk A XM= 22Xt M-S Holiste (o[t

Loh A 2EoM ZEelet AE2 HEHO Hla2n ZN 2 2o 284 dgs 0E
UCH AHE2 B2 MY 2HE0A ZdsiH Crdst JEE Fotot. S e SASHTM KHEO
HASIA| =X 57| ?fof, 1&FS2 SHHQ NESX M, SO tit S LSHH0F otH,
St 4o et 32 25 SYE OfL2t =atX ol A0 FAHE OfEsHY| ?ict LIES B&5H
7|&3ll0F S ol2{eh FHMut BAE =4ots AL s EEet A= AEol xastE

LtEf2 Z4O]Ct.

Rationale—Unequal treatment of employees, based on certain characteristics (such as sex or race), is a violation of a worker‘s human rights. Additionally,
widespread discrimination in the working environment can negatively affect overall poverty and economic development rates. Discrimination occurs in
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many work environments and takes many forms. In order to ensure that discrimination does not occur at certified aquaculture farms, employers must
prove their commitment to equality with an official anti-discrimination policy, a policy of equal pay for equal work, as well as clearly outlined procedures

to raise, file and respond to a discrimination complaint in an effective manner. Evidence, including worker testimony, of adherence to these policies and
procedures will indicate minimization of discrimination.

1298 BE QDU MH|A

4 L Lot AMRIOl MHEH2Z HEoHA| HAL d2jet 7L 892 MRz
275= O HEol 2 =
o

M OffH AFRC2RE FEE= Z& A0ICh HE2 A<

YO Mot Z2 ST Mt MHH MES ooy = ACHEE 2T 242 AH

4 T o

[

Z o TIT

“Forced” is all work or service that is extracted from any person under the menace of any penalty for which said person has not offered himself or
herself voluntarily or for which such work or service is demanded as a repayment of debt. “Penalty” can imply monetary sanctions and physical
punishment, such as loss of rights and privileges or restriction of movement (or withholding of identity documents)

22, . f . -+ . o
Y& 2l (bonded)2 DEFLE XAXZ S 22 9o Lot E ZoU= ZRE Lot

“Bonded” is when a person is forced by the employer or creditor to work to repay a financial debt to the crediting agency

Brige 712/ K 2o] 5588 FrASIL flEdte RHE X At WYX £ Mzo|ch BE Fd, HiE|

S o= T = X =
= 27 AHEE 85t= A2 oL Lt O & S0, datg 0Lt ditg QH0[Lt B2 XpN= AHEHO[X|
Ct 58 =520 Yo AZE0A Relt SEH AE2 28 70 SEHY = UL

“Discrimination” is any distinction, exclusion or preference, which has the effect of nullifying or impairing equality of opportunity or treatment. Not all
distinction, exclusion or preference constitutes discrimination. For instance, a merit or performance-based pay increase or bonus is not by itself
discriminatory. Positive discrimination in favor of people from certain underrepresented groups may be legal in some countries.
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Criterion: Health and safety

Tk a7
INDICATOR REQUIREMENT
741 RE S T AL Y QI8 ARE 7| S8t
LRt 32 A8 ZXE F ot 2714

All health and safety related accidents and violations are recorded and jlcs

corrective action is taken when necessary

742 RE RO XY AZ AW ngE EHE £+
27
ALt
. Yes
Occupational health and safety training is available for all employees
743 TEXS| HF A AL Es B4 Al 5=

o|= H| &0 el na3 MY 8 2 SLAM(AL

L d
EE R

a7y

Employer responsibility and proof of insurance (accident or injury) for
employee medical costs in a job-related accident or injury, unless otherwise

covered
TH— At, 24 = 2[EH0| 2de A2 3|As O|E 7|§6tn At 22 QIS It AlH
ZXE FotL, &= FAFALLDS| Ll S WX[S7| gt ZX|E F[oHOF otct 24 X o™ A0 ot
Lot FaHQl M W2 S0 o =X(0[Ct OpX|2te 2 B2 =7 §EM L&F 7 XY
B AR 240 Ofs) MY S X & 275t= BHH, ZE =717t 0|8 Q75K el 2E
KO LRl 4% O|FXtet 7|Et 22XH5)0| O|2{eh o =KX= S AO|C}

Rationale—When an accident, injury or violation occurs, the company must record it and take corrective action to identify the root causes of the incident,
remediate and take steps to prevent future occurrences of similar incidents. Consistent and effective employee training in health and safety practices is an
important preventative measure. Finally, while many national laws require that employers assume responsibility for job-related accidents and injuries, not
all countries require this and not all employees (e.g., in some cases, migrant and other workers) will be covered under such laws.

75 7|1E: 8%stn HES A=

Criterion: Fair and decent wages

NE U
INDICATOR REQUIREMENT
751 SHSD MEe 239 X F 27y
Payment of fair and decent wages Yes

L =g o o o o o o

oTH— =3At= 8ot HEot Y55 LOrorottt. glAte| HA 8l ARk FA =X|of et 50
= - e H O — - .

SHE SX[50f otCt. X| 52 22XV HE|ot W2 = O|F O X Of otLt,

Rationale—Workers shall be paid fair and equitable wages. Company policies and practices shall also prohibit deductions in pay for disciplinary actions.

Payments shall be made in a manner convenient to workers
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7.6 7= THH| ZAI2| Xt72f THH| 4

Criterion: Freedom of association and collective bargaining

XE A
INDICATOR REQUIREMENT
7.6.1 Hel2 w3 Y By nMdE XFEA oY = o=t
oirC
QUL Yes

Employees have access to freedom of association and collective bargaining

=— THHleE FABEL Al &+ A= AFrE de A2 22A=2 Sagh A2 0| efLsHH
S8ct By o 42 20| T Jtsottts A2 =sAS0l O v Eel 2 AE HE
UA BilF=7] WZOILt. Ol 2IBE EMES BRE =87t LSERO[L) FARSE =HO| A5EOf
UAO{OF oICH= AE Q0oHK| & HA[R, =SAS0| EXots 4% e =30 FZots AsS
Aot ofid etElCh= AS 2[0fsh7|= ottt BHef Oj2{et AS0| EXMoHA| EAL =-O|2tH,
gAS2 OS50 =SAE0 oo AREA MEE HE F=8 Sl 7|7H0] UE CHo|E=00| HAE
A0|2t= AS =] offOF ot

Rationale—Having the freedom to associate and bargain collectively is a critical right of workers because it allows workers to have a more balanced power
relationship with employers when doing such things as negotiating fair compensation. Although this does not mean all workers of a certified aquaculture
operation must be in a trade union or similar organization, workers must not be prohibited from accessing such organizations when they exist. If they do
not exist or are illegal, companies must make it clear that they are willing to engage in a collective dialogue through a representative structure freely
elected by the workers.

7.7 71E: HIEHNH BA=K

Criterion: Non-abusive disciplinary practices

X = e
INDICATOR REQUIREMENT

7.7.1 ST Hol Y A =X 2 & 0

Incidences of abusive disciplinary practices occurring on the farm

A
KHEHSHR] R ASS FEAISHOF SHLY.

Rationale—The rationale for discipline in the workplace is to correct improper actions and maintain effective levels of employee conduct and performance.
However, abusive disciplinary actions can violate a worker‘s human rights. The focus of disciplinary practices shall always be on the improvement of the
worker. A certified aquaculture operation shall never employ threatening, humiliating or punishing disciplinary practices that negatively impact a worker‘s
physical and mental?* health or dignity. Employers that support non-abusive disciplinary practices as described in Appendix lIl, as well as evidence from

worker testimony, shall indicate that a certified aquaculture operation is not employing abusive disciplinary practices.
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Criterion: Working hours

= 24
INDICATOR REQUIREMENT
7.8.1 =5 AlZta 20 228 A 2 2 3 HE o1 0
- HA DY
DAEHE (KMo LHE2 &&F 11l &X)
Incidences, violations or abuse of working hours and overtime laws or None

expectations (see Appendix Ill for details)

37— 22 AIZH H8S B NI X ofA 22 HE EHo|Ch ZNDEES Ho| B DR
2243 2HO| 12 DS S 4 2O, [Zet U A0/ O £2 4 YTk §f L2 Bof
mfe QIEE AT HYle WHDRAIZ ol HolE XA oA Y 4 UK, Zajo|g
H] S5 B AOLO} ST A2 A|ZH 2R AIZHE B AHIS0] St 2712 AlZte| 289 Yue

Z0{Of otCt.

Rationale—Abuse of working hours is a widespread issue in many industries and regions. Workers subject to extensive overtime can suffer consequences
in their work-life balance and are subject to higher fatigue-related accident rates. In accordance with better practices, employees in certified aquaculture
operations are permitted to work —within defined guidelines —beyond normal work week hours but must be compensated at premium rates.2s
Requirements for time-off, working hours and compensation rates as described should reduce the impacts of overtime.

YISty Q0 Z2, 2|, ¥HQl £ BN |8, I i B2IH 3ol 9HS T =Xl 3o
AHgo2 SHX|OTIC

Mental abuse: Characterized by the intentional use of power, including verbal abuse, isolation, sexual or racial harassment, intimidation or threat of
physical force

*ozE ad FEY A 2R HEEN 22 208 I HE W W/Es MY BES EFf0F ot

Premium rate: A rate of pay higher than the regular work week rate. Must comply with national laws, regulations and/or industry standards.
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APPENDIX I: FORMULAS, SAMPLE CALCULATIONS AND ADDITIONAL BACKGROUND FOR PRINCIPLE 2

ojfT|E YA K BT/ FH

Bivalve culture and seabed organic enrichment

I & AAZO| WENAZ Hl= Fa% 24 T StLte /7] 222 EIEE S7MA7|l= AO|Ch &R
=71 222 oSt 2¥E O 30 WEA 7i2tete 82Xt
HALLEZMN, HF=NZE 77| 222 282 42AZE £ ALt IF{F LA 8K 7712 5HO|
MM d= MAXO O/X|= Fgof 2ot At X|FA2|0f Ciet A7s A F(farming)2l SR2%t
#H 3} (Dahlbeck and Gunnarsson, 1981; Mattsson and Linden, 1983; Kasper &, 1985; Tenore <., 1985;
Jaramillo &., 1992; Chililev and Ivanov, 1997, Mirto &. 2000; Stenton-Dozey <. 1999; 2001;
Chamberlain &., 2001; Christensen <., 2003; Smith and Shackley 2004; Harstein and Rowden, 2004;
Otero &., 2006; Giles &., 2006; Metzger 5., 2007; Cranford &. 2009) 2} SiOHEXH A & = (Hargrave
5. 2008). Of CHSHA QiIALE Otz 22 FFAH QI Hek(Baudinet ., 1990; Grenz 5., 1990; Hatcher
<., 1994: Grant &., 1995; Shaw, 1998: Chamberlain ., 2001; Crawford &., 2003; Harstein & Rowden,
2004; Anderson 5., 2005; Mallet ., 2006; Miron 5., 2005; Lasiak 5., 2006)2| Z&Z EE X|&% 0l
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One of the primary ways that shellfish aquaculture may modify the ecosystem is by increasing the sedimentation of organic matter. By filtering suspended
organic matter and changing the packaging to larger, more rapidly sinking particles (feces and pseudo-feces), shellfish can enhance the flux of organic
material to the seabed. Studies on the effect of shellfish aquaculture seabed organic enrichment on benthic habitat and communities have provided a
continuum of results from observations of no, or minimal, negative effects (Baudinet et al., 1990; Grenz et al., 1990; Hatcher et al., 1994; Grant et al., 1995;
Shaw, 1998; Chamberlain et al., 2001; Crawford et al., 2003; Harstein & Rowden, 2004; Anderson et al., 2005; Mallet et al., 2006; Miron et al., 2005; Lasiak
et al., 2006) to significant changes within farms (Dahlbeck and Gunnarsson, 1981; Mattsson and Linden, 1983; Kasper et al., 1985; Tenore et al., 1985;
Jaramillo et al., 1992; Chililev and Ivanov, 1997; Mirto et al., 2000; Stenton-Dozey et al., 1999; 2001; Chamberlain et al., 2001; Christensen et al., 2003;
Smith and Shackley 2004; Harstein and Rowden, 2004; Otero et al., 2006; Giles et al., 2006; Metzger et al., 2007; Cranford et al. 2009) and at the coastal
ecosystem scale (Hargrave et al., 2008). The extent and magnitude of benthic effects is always site specific with vulnerability depending on factors
controlling waste organic matter input (e.g., scale, duration and intensity of shellfish production, husbandry practices, seston concentration, and food
utilization rate and efficiency) and hydrographic and physical factors controlling the assimilative capacity of the local environment (e.g., water depth,
sedimentation rate, current and wind speed).

O|Ofmj Rl WEEIMHES FREEHLE Y4 F2 522 IA7[ B0 2ESH:= 7HEHQ HOl
So=0 20| AL iAol tist F71HQ Sa38 B8%e Fast 2as LAY o 2550
e O|OHIHFR O] &= ME2¥(total biomass)O|CH F-GAl QAL HIEHAL QFAI ML HIWSHIA 1S LYo £2§
HEZS2 3A =2 = Ae 7128 M5, 1M HMEE 280 o 2 /IS LIEHHTE 20
AFE AFES2 A0 tist o 28 JS0| LEH o2 E/A Ao X[Hoj|M WS RICH=
AE BOFCE ME & 2|0 &l HHEHA FAlof ols HSt= MM EENS 7|8 =X IO
Cioh T2 22 IES da{g M, ol2{st s HIEA 24)2 R7I2 5 0 HA ECH
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Bivalve biodeposition rates are related to individual feeding rates that depend, in part, on animal size and the species under culture. The principal factor
determining the organic supply to the seabed is the total biomass of bivalves stocked within the farm. Suspended culture provides opportunities to greatly
increase stocking biomass within an area relative to bottom culture and therefore represents a greater risk to benthic communities. The studies cited above
that have shown significant negative effects on the sea bed were generally conducted in areas with suspended culture. Given the relatively low risk for
benthic organic enrichment impacts posed by on- and in-bottom culture, these activities are exempted from the organic enrichment requirements. On-
bottom culture is considered here to be limited to intertidal and sub-tidal husbandry practices which do not require bivalve holding structures that can aid
in increasing the stocking biomass (e.g., poles and cages).
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By comparing the level of total ‘free’ sulfides in the sediment beneath a farm to a nearby control site, the degree of organic enrichment can be assessed.
Sediment organic enrichment classifications have been identified based on the known effects of changes in sediment sulphide on the biodiversity of

macrofauna (see Hargrave et al., 2008b and cited references). The associated sulphide threshold values enable managers to distinguish between normal
ranges of “background” concentrations from those indicative of benthic habitat degradation.
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Relationships between biological variables are consistent with changes in sulphide levels as sediments are transformed from oxic to anoxic status. Impacts
to benthic fauna biodiversity resulting from increased S concentrations can be significant and occur at low S levels. The transition from oxic to hypoxic
conditions has been identified as occurring at 1500 uM S. This threshold represents a transition from “moderate” to “reduced” macrobenthic sulphide
concentration and changes in the benthic macrofauna community structure (described by Hargrave et al., 2008b). A nomogram was used to show that
various benthic enrichment classification schemes based on changes in different inter-related chemical and infauna biodiversity (defined by Pearson and
Rosenberg, 1975) at which the mean number of taxa are reduced by approximately 50 to 60 percent relative to typical oxic conditions (Hargrave et al.
2008b). Anoxic sediments were characterized by S concentrations >6000uM S. A transition within the hypoxic class of sediments at 3000 uM has been
identified where less S-tolerant taxa disappear but more tolerant opportunistic species have not increased in abundance. S levels above 3000 uM represent
a condition that exerts “severe hypoxic stress” on benthic community structure (defined by Diaz and Rosenberg, 1995) and characterize a “polluted”
sediment condition (defined by Pearson and Rosenberg, 1975) that poses a high risk to benthic habitat.

Ot2fl & 12 F74] O|OHIH 7 Ao XA e Fkof tich AlS=tel 7t B2LHS 20EL MM

=
HE) EILE ot MEY A A EF ZEEE2 e EME Q40| ZFELC

Table 1 below, illustrates the tiered assessment approach for the benthic effects of suspended bivalve culture. The sampling design and measurement
protocols for the benthic assessment are included with the requirements as separate documents.
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Phytoplankton depletion

24 W7t 84 IHCT>RT)ECHHE HAR 28t 82 XA %S Ao 2 Of|AEICH CT < RTY!
B2, LAL|E= O|jIi 7= MEHAH E 22| & = Yo, 1K MAA|ZHPPT)I O DA ZHCT)S BB SH=
F7F "I 2Qsitt AE 2 ALl 2HE, BHO| MIHE M AX|X|(Flushed) AU =, THOA QS
AEN E-3E MMl XHZH7tsT FMEAMZ OE™HENA XFY = UCH= AO|Ch
TRFEAAIZES OfOHA|ZHCT)EC ZHOtOF SHCH X UAO™ 2o HO|7t &l =B = HEH
nzE ZOo|Ct O|EXMCeE QU2 CT/PPT>10| & = UX|Tt MX| 2 CT/PPT= 3ELCH HOF SHC} O] =
UHO| SIROM V2 HAE™ HO|E0f 7|=8tH 0|2 EFo =52 YKt Mtz S| 2ol
LIE=E ZFO| 25 AEOE Qo =2|X 7PH0|H, o7 YA 2™ 7|EF O|X|2Q] o} A
ME0| YMlsl= Z42 st A QL (Smaal & Prins, 1993). 0] 39| Ql4== MEfSHX 1 Q 740|2}7|
HOhE AEHOI X2k ME O|SsOF STt CT/PPT < 301 AR, YAIZL2 O 0|4 A5 S BE
SICH ot OCHA, o2 YAIES| HIAN £5 @Y (pelagic) B2 CHFE= THEOl MA 22
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If water renewal is faster than water clearance (CT>RT) it is expected that carrying capacity will not be exceeded. If CT<RT, cultured bivalves may be able
to control the ecosystem and an additional assessment is required linking clearance time to primary production (PPT). The rationale for the Tier 2 calculation
is that phytoplankton production in a bay can support sustainable aquaculture, up to a point, even when the bay is poorly flushed. Primary production time
should be shorter than clearance time. Otherwise, the algae which shellfish feed on will quickly be depleted. In theory, the requirement could be CT/PPT>1
but in practice CT/PPT should be >3. This is based on empirical data from a series of estuaries and is a logical assumption due to the algal buffer stock
required in order to realize a certain level of primary production, not to mention the occurrence of other unknown filter-feeder stocks in proximity to the
shellfish farming operations (Smaal & Prins, 1993). It should be understood that this factor of 3 is a practical figure rather than an ecological fixed
requirement. When CT/PPT < 3, farms are no longer eligible for certification. If this is the case, bay-wide management plans that address the potential
cumulative pelagic effects of multiple farms and reduce regional stocking levels are necessary in order to ensure that the ecological carrying capacity is not
being exceeded.

oj2f3t AMT O YA PP ROl XL X HIE THE7| YehME 9o D2yt
Lot SEE O EE B2 2E7|9 22 UL AYS B2, FAFO| KIS Ko X|2|H FA L
Yool £OR AFY £ UCh PEIET SYH 2L B2 AT 22 12 YYOIME
2 YL QS S UL O/ FL0s YAFO| Y S0 FHo| TR MM 1 Y
TS Ut ST HZT WE0| BE T BB B £ YIS JIFoE FHY + U

A consideration of the “water body” is required for these calculations, and to address cumulative effects where zones of influence of adjacent farms overlap.
In many instances, such as enclosed bays or inlets, the geographic boundaries of the area in which the farm is located may be obvious and considered as
the water body. In other situations, such as meandering complex waterways or the open coast, there may be no clear boundaries. In these cases, there
needs to be some estimation of the water body in which the farm sits so its zone of influence can be estimated in relation to carrying capacity, proximity
to sensitive communities or foraging range of protected species.
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There are several methods that can be used to estimate the water body or farm zone of potential influence, ranging from a full hydrodynamic model with
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or without explicit phytoplankton dynamics, to a simple estimation of the tidal excursion and residual currents using current meters, or, more cheaply, by
drifters, or dye release. It is assumed that most offshore bivalve farms will be relatively large and possibly be owned by companies with greater resources
than small, inshore farms in enclosed bays, so the use of current meters should not be an impediment.

i a =

S4 S MEA L

Formulas and sample calculations

4o G 7Y £

Estimating a Farm’s Zone of Influence

Aty oz, QAT Ot AN PO PG FYE
2 BEoF = 20 E MHISHAL ASHdEZHIAEL T &

M AZE HE2 AAEl AR Flo] o2 H|Shstrt T2|HQl A oA, AEM

A2 129 = 2 Ao|ct wetM ZE g S0 7| =0t 2AMK|= ChZaF 2ot

As a general rule, estimating the zone of potential influence for a farm should give results showing it is less than the area of the enclosing bay, or it is limited

to a circle around the farm calculated from the mean current and some time scale to allow for phytoplankton regrowth or turnover time. Under reasonable
conditions, phytoplankton growth is in the order of 1-2 days. Therefore an approximation of the water body, based on zone of potential influence, is:

me !

X

BR ol8 SEx2 £ F7| (5, M2 47 KX Ol 9 2547 x B 4 (Ex
UAFO| A2 20 Yk L Skste Mol o))

Mean current speed at the farm x 2 tidal cycles (i.e., 25 hours if the M2 tide is dominant) x mean water depth (or depth of growing lines if
the farm is in deep water)

Aok AH2|of flX|et FAZQ| o= CHSa 2L

Example calculations for a farm located some distance offshore are:

. B 83 SEE 5 cm/s0|T AL 15 mO|Ch matd EAE H 7AL 45kmel

o
BRI ES ZHXI0 M& 2 672t5000m*0|Cf,
Mean current speed of 5 cm/s and water depth of 15 m. The zone of potential influence would, therefore, have a radius of 4.5 km, and the volume of the
water body is 675,000 m3.

o T WF HE= 2 cam/sO|L Y2 30 mO|X|2 72 THX| 7 m ZO|7HK| =t EICH

=
AN FY 1HL2 1.8kmO| M ™2 126,000m*0|C},

Mean current speed of 2 cm/s, water depth of 30 m, but the growing lines only extend to 7 m depth. The zone of potential influence has a radius of 1.8
km, and the volume of the water body is 126,000 m3.
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Clearance Time (CT) as used in indicator 2.2.1

CT (24) = Vi / (Nx O)
==
Vo £ 23 R0 £0A 9 Solct (2/E
N £ olojj el Solct,
C & 83t 37]9 BR oI (@IE/E 5/24) olck

CT (days) =Vt /(N xC)
Where

Vtis the total volume of the water body at high tide (liters)
N is number of bivalves
C is average clearance rate (liters/individual species/day) at harvest size

X H 22.12 AIEEl HFAIZFRT)

Retention Time (RT), as used in indicator 2.2.1

RT=-1xP/In(Vi/Vy

=X
P= X20| F7|0|1, & X& AI0|22| Z0| O|C}(0.~0.5Y semidiuranl &
V| ofet ZROA =92 SZO|CH(2H)
Ve 48 ZR/ROM =2 ZEO|CE

RT=-1xP/In(VI/Vt)
Where
P is the tidal periodicity, the length of the tidal cycle (e.g. ~0.5 days for semidiuranl tides)

Vlis the total volume of the water body at low tide (liters)
Vt is the total volume of the water body at high tide

=E: P2 NBE YA KoM (O HYE HY L me=c) of
RISHE[O{OF $iTt Bo| MBO| EAER)O Olef RIMEIX e XIHoINE HTe
A AE|O{OF BITH (OIS S0 F2 2 82 w& F2jo| o8 HojE)

50 39

Note: For deep stratified culture areas (e.g., open ocean and fjords), this calculation should be limited to the surface mixed layer. In areas where water
exchange is not dominated by tidal flushing (e.g., controlled primarily by river flow or wind forcing) an appropriate volume exchange should be calculated.

T E 222 2 AEE I MAAIZF(PPT)
Primary Production Time (PPT), as used in indicator 2.2.2
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PPT = B/PPP
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PPP = A[AH” LHOIM A EHEZAEL 7|4 LHPPP)O|CE
PPT = B/PPP
Where

B is the yearly averages of phytoplankton biomass,
PPP is the phytoplankton primary production (PPP) within the system.
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Note: B can be estimated from chlorophyll a measurements, published data or satellite predictions assuming a carbon to chlorophyll ratio of 50. PPP can
be obtained from published results or model predictions. Some examples of available data resources include:

http://marine.rutgers.edu/opp/ http://www.science.oregonstate.edu/ocean.productivity/index.php
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APPENDIX II: GUIDANCE FOR NATIVE SPECIES CULTIVATION
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Genetic impacts of hatchery produced seed
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It is possible that hatchery production of seed could negatively impact wild populations of cultivated species by altering their genetic composition over
time in ways that compromise their long-term viability. Efforts should be made to address genetic concerns specific to species and the geographic region
where the seed will be out-planted. This may include preserving diversity of broodstock and seed by 1) using local broodstock, 2) rotation of broodstock
within spawning seasons and between years, and 3) avoiding the use of hatchery-propagated stock in the hatchery as broodstock. This may also include
documentation that the scale of farming and the reproductive potential of crops (e.g., whether diploid or triploid, or considering age at harvest and age at
first maturation) are well-below the size and reproductive potential of the natural population within a reasonable “dispersal kernel” from the farm.
Compliance with this requirement would depend on the availability of local fisheries information and management. This may include documentation
through common garden trials, for example, that performance (e.g., survival and growth) or characteristics (e.g., shell shape and color) of hatchery-
propagated diploid seed have not diverged from that of wild seed. Compliance might involve a shared responsibility between hatcheries and farms. It may
also include the production of sterile seed for out-planting from breeding programs that intentionally alter wild stocks for improved culture traits, such as
growth, yield, survival and morphology. In the situation where restoration efforts in the geographic region of out-planting involve intentional divergence
from wild stocks to produce disease resistant wild populations this may include documentation of cooperation with such efforts.
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APPENDIX 11l: GUIDANCE FOR THE SOCIAL COMPONENT OF THE ASC BIVALVE STANDARD

HE J7|E2 = dHEO ofsh 2= X[ el SAl(Social Accountability
International)| ZAHSZ THSO{FCE SAI= EBH ASC Bivalve Standard2| At2|H™ 442k B
Sh7| flet X &S MM

ULEE DN
The standards related to labor issues and work conditions on the farm were created with input from Social Accountability International (SAl), a recognized
leader on labor issues. SAl also recommended the following guidance to accompany the social component of the ASC Bivalve Standard.
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Child labor

orLy

Guidance
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Child workers under the age of 15 perform only light work (see definition of “light work” below) as long as it does not exceed 2 hours per day
on a school day or holiday and the total number of hours spent on light work and on school does not exceed 7 hours/day.
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For employees aged 15-18 (defined as young workers), work should not conflict with schooling. The combination of daily transportation,
school time and work time should not exceed 10 hours).
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Hazardous work is not performed by those below age 18. This includes heavy lifting disproportionate to their size, operating heavy
machinery, working night shifts and exposure to any toxic chemicals.
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“Light work”, as defined by ILO convention 138, article 7.1, is work is work that is 1) not likely to be harmful to a child’s health or development and 2) not likely to
prejudice their attendance at school, participation in vocational orientation or training programs or diminish their capacity to benefit from instruction received.
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Forced, bonded, compulsory labor

ZHH 3

I

orLy

Guidance

o IEFVI YLK D) ME SYME FREE A2 AE[M S ¢t =L,

—_
Employer should never be permitted to withhold original identity documents.

o U2 XA 2| FA|SIT O|3{A|FOFSIH MLy ZI0|AH gl X|H &FK| oo L},
O g =203 HES X|S5ts M)

Contracts should be clearly stated and understood by employees and never lead to employee being indebted (e.g., employees paying for training

programs).
o XNYUS2 22K Y2 Ut RAREA HIT & Uoiof o1 15| RAFAIZES BT

AO{OF otLt.

Employees should be free to leave the workplace when not working and manage their own non-work time.

(&3 IR L A FXI/SHE SR A0l ZH5| Folsfof BCh)

Note: Extra care should be given to migrants and contractor/ subcontractor situations

3. X}

Discrimination

oty
Guidance
= [ A A o = = _ O > =
o A= B, 20| Oict B2, ST, Ale(AB)0ll 24 sl £= 25|, 27t=4, T4,
S [e) A L
Zof, g9, d8X Y, =27, BRH &% = A, 2180 AN XM= CHEICE
Company shall not engage in or support discrimination in hiring, remuneration, access to training, promotion, termination or
retirement based on caste, national origin, religion, disability, gender, sexual orientation, union membership, political affiliation or
age
= [ o [ [ 3H =< A = - = =
o A= 18RO 2& e we| e 2l =, 2T, Ae(B) =7t=d, dA L 2tE E
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Company shall not interfere with employee rights to exercise or observe tenets or practices, or to meet needs related to race, caste,
national origin, religion, disability, gender, sexual orientation, union membership or political affiliation.

4. {Zat 2+

|

Health and safety

oLy
Guidance
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Minimization of hazards and risks in the working environment, including documented procedures and policies to prevent workplace
accidents and injuries. Emergency response procedures should exist and be known by employees.
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Documentation of occupational health and safety violations.
o MR shE A, M 8 9l 2l 2
Access to clean lavatories, potable water and sanitary facilities.
o J|&AbE IWT3Im OHMBID] K Qo| J|EHOl QTS EFA|FO} S,
Dormitories must be clean, safe, and meet the basic needs of employees.
o S| o S o o o|o
o 2ol 38X @2 3% B2 XY 240 Atl E= R4S 22 AHHEE HYdeE
= = = EHHA
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125 Of ohCf,
Insurance, if not otherwise provided, to cover employees who suffer accident or injury in the work environment. Special
consideration must be given to migrant or foreign workers who may fall outside of local or national laws and legislation.
o 2ok A of Chek Al =X A=
Corrective action plan for accidents that have occurred.
1S =1
5. 375t M A=
Fair and decent wages
otLff
Guidance
o A Z=X|of tiet SH= SL0j0F ot, 50jet 2| U2 A ASO|AH H=5HAH 7 E[0{0F
No deductions for disciplinary actions, wage and beneflts are clearly articulated to employees.
° 20 L e HRAo|A H ot A= HIELCH (O Hg, =8 = WA X2 24
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Wages and benefits are rendered in a manner convenient to employees (e.g., no travel, promissory notes, coupons, products or
merchandise to replace cash, checks or electronic methods of payment).
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No labor-only contracting relationships or false apprenticeship schemes (see definitions of “labor-only contracting relationship” and
“false apprenticeship” below)
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Labor-only contracting arrangement: The practice of hiring workers without establishing a formal employment relationship for the purpose of avoiding
payment of regular wages or the provision of legally required benefits, such as health and safety protection.
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False apprenticeship scheme: The practice of hiring workers under apprenticeship terms without stipulating terms of the apprenticeship and wages in the
contract. It is a “false” apprenticeship if the purpose is to underpay people, avoid legal obligations or employ children.
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Freedom of association and collective bargaining
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Guidance
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Employers should respect the right of all personnel to form and join trade unions of their choice and to bargain collectively.
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When such situations are restricted under law, employers should facilitate parallel means of independent and free association and
bargaining and ensure they are not the subject of discrimination. When rights are restricted, the company needs to make clear to
workers that they are willing to engage workers in collective dialogue through representative structure and that they are willing to
provide them with the opportunity to do so.
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Non-abusive disciplinary practices
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Guidance
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Absolutely no engagement in or support of corporal punishment, mental or physical coercion or verbal abuse. Fines or wage
deductions are also not an acceptable method for disciplining workers.
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Working hours and overtime

orLff

Guidance
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Auditors shall be aware of working hours and overtime requirements in local legislation. They can check time sheets and payroll and
verify through worker interviews that workers are working legally allowed hours. Pay slips and pay records can confirm whether
overtime hours are being paid at a premium. To verify that overtime is not the norm, interviews can be conducted and production
records checked, as well as time sheets other records of working hours, for at least one year before. Some exceptions can be made
for overtime not being voluntary, if there is a collective bargaining agreement in place that allows it.
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Employer shall comply with applicable laws and industry standards related to working hours. “Normal work week” can be defined by
law but shall not on a regular basis (i.e., constantly or majority of the time) exceed 48 hours. Variations based on seasonality may

apply.
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All overtime shall be paid at a premium and should not exceed 12 hours per week. Overtime work shall be voluntary. Exceptions to

this last requirement can be made in cases where it is legal and in which there is a collective bargaining agreement in place which
addressed this, in order to meet short-term business demands
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APPENDIX IV: EXPERIMENTAL DESIGN FOR ASSESSMENT OF BENTHIC IMPACTS OF SUSPENDED BIVALVE CULTURE
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Rationale
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Before-After-Control-Impact (BACI) and Gradient Analysis (GA) models may be used for detecting environmental change or disturbance in benthic variables
affected by suspended bivalve culture. The recommended experimental designs are consistent with the tiered assessment approach described in Section
2.1.1 for non-depositional areas of hard substrates using bottom video/imaging methods or measurements of total 'free' sulfide (S) or other indicators of
organic enrichment in depositional areas where bottom samples can be collected. Changes in benthic habitat characteristics are assessed by comparing
observations at a series of stations inside and outside of a farmed area either along transects or randomly placed as groups of sampling sites to assess
temporal and spatial differences in measured variables. The design selected determines station locations, numbers and sampling frequency. The before-
after (BA) test compares observations within a farmed area before and after culture lines are established. Alternatively, non-farm (control) and farm
(impact) areas can be compared (Cl design) to determine if bivalve culture has changed temporal variations in selected variables. If both BA and Cl data
from multiple sites are available, the BACI model detects environmental change associated with disturbance. Regression analysis is used to test for spatial
trends in a GA model where changes in variables occur with increasing distance from a farm.
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Tiered Assessment
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A tiered assessment approach discussed in Section 2.1.1 is recommended for assessing effects of bivalve culture on benthic habitat conditions (Fig. 1).
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Collection of bottom video or other images along transects once every 5 years (Tier 1a assessment) is recommended for monitoring high energy, low risk
areas where hard bottom prevents sample collection. Sampling in lower energy areas with depositional conditions represented by sand or mud bottom
types may be carried out once every 5 years, annually or more frequently depending on the level of risk determined by mean or median S concentrations

(Tier 1b and 2a and 2b assessments).
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Fig. 1 Tiered assessment approach for assessing effects of bivalve culture on benthic habitat conditions (see Section 2.1.1).
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Before-After Observations with and without a Control
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Green (1979) described a simple approach for detecting environmental changes associated with human activity by making observations at one location
before and after the activity has occurred. Underwood (1991, 1992), Smith et al. (1993) and Underwood (1994) presented a more complete experimental
sampling design with observations at multiple sites in impacted and control areas (BACI) to determine if changes in measured variables are due to
environmental disturbance and to account for natural variations.
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A full application of the BACI method requires collection of replicate samples in time and space over different temporal scales at multiple sampling sites to
determine if an 'event' has changed one or more measured variables. Observations are compared before and after the start of the activity potentially
causing the disturbance. Multiple sites selected at random within impacted and control areas can be sampled with observations at the same locations
before and after the activity has begun. Ideally sampling should occur at random times but seasonal effects can be minimized if sampling occurs at a fixed
time during the year.

S| 44| 9| 2t (establishment)0f 2t CHEX MY E =& (Lasyak &. 2006) 2| A7+
HS E|X = /7|2 & (Cranford . 2009)0] CHSH X|=2tat™ X|®E HISH7| /6 AFE X0 2O}

The approach has been used following the establishment of mussel culture to assess temporal variations in benthic macrofauna communities (Lasiak et al.
2006) and geochemical indicators for sediment organic enrichment (Cranford et al. 2009).
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Control-Impact Observations
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Fek2 LA Hi K| HEZ Of2fof M2 2 H- T 5= ARULCE (Grant &. 1995, Crawford . 2003). 1 2{Lf,
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30~90mo| HE|7} AT 4= QUICtD BHCEH (Weise 5. 2009). Cl M2 H|YAl X[ CiH| Al
XMl R7I8 HXO| G2 =0lsty| oA HUAXN ST ZAl0| O[- X Y= &2 st7o ¥

TtH(embayment-wide) At A 0| A E|RULCE (Hargrave S. 2008).

Often data from the before period is not available. If this is the case a control-impact (ClI) model can be used to compare sites within and outside of farm
boundaries in locations assumed to be unaffected by disturbance. A decision must be made to select sampling locations within impacted and control areas
on a random or stratified basis. If a randomized design is used control sites must be a sufficient distance from the impacted area to represent natural
'background' variability (i.e. be unaffected by the events within the farm). The appropriate distance may be determined by sampling along transects with
distance and directions determined by the velocity and direction of major currents (discussed below). The appropriate upstream or downstream locations
for control sites relative to a bivalve culture area will vary with specific hydrographic conditions. In some studies benthic effects were only measureable
directly under culture arrays (Grant et al. 1995, Crawford et al. 2003). However, modelling studies of the distribution of biodeposits from mussel
aquaculture have shown that depending on current speed and water depth enhanced settling of particulate matter from cultures could occur up to
distances of 30 to 90 m from a farm (Weise et al. 2009). The Cl approach was used in an embayment-wide study in a shallow inlet with intensive mussel
culture to show effects of organic enrichment in farm vs. non-farm areas (Hargrave et al. 2008).
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A possible complication in applying the Cl approach to suspended bivalve aquaculture is that plankton depletion by farms may occur over large spatial
scales such that natural sedimentation rates outside of farms are decreased below natural values. This could result in lower organic loading outside of farm
areas and decreased sulphide levels, confounding comparison between farm and control sites. This hypothesis was tested and rejected in a study of
intensive mussel culture in shallow eutrophic embayments (Cranford et al. 2009). It was shown that sediment geochemistry at control sites located as close
as 10 m to farm boundaries did not change significantly before and after the expansion of mussel production, while the farm sites exhibited a significant
increase in organic enrichment during this same period.
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Gradient Observations
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The BACI designs allow area-by-area (e.g. farm vs. non-farm) comparisons to detect environmental changes against a background of natural variability
when there are defined boundaries for the impacted area. GA using sampling along transects provides an alternative design for assessing effects of bivalve
aquaculture where boundaries between impacted and control areas may be poorly defined or variable between sites. Sampling along transects may be
more sensitive for detecting spatial differences than a Cl design if the disturbance is directional (Ellis and Schneider 1997). Sampling stations on transects
should be located along the axis of the major current with either uniform spacing or at variable distances to reflect expected diminished effects with

increasing distance from culture arrays. Crawford et al. (2003) provided an example of observations along transects to evaluate benthic effects of shellfish
farms.
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Station Location and Numbers
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Since the power of statistical tests increases with sample size (Sokal and Rohlf 1995) numbers of observations should be as large as practically possible
with equal numbers of observations at all locations being compared. As a compromise between monitoring costs and statistical power to detect differences
between sites, triplicate samples at ten sites along transects or within farm and non-farm locations are recommended. Replication (3 samples x 5 sites,
n=15) for each group of stations to be compared is required to account for variations in benthic conditions common in shallow coastal areas where bivalve
aquaculture occurs.
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Fig. 2 Example of gradient sampling approach for Tier 1a assessment of benthic effects of bivalve aquaculture (Fig. 1). The video transect (solid line) or
photographic transect (solid dots) is aligned along the axis of the major current (arrows) and runs through the farm boundaries (dotted lines).
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Tier 1a assessments of non-depositional or hard bottoms using bottom imaging should be conducted using the GA approach with transects extending from
inside to outside of a proposed or existing farm area. It is assumed that culture lines are positioned to maximize flow through the arrays to avoid 'shading’
effects. Sampling transects to obtain bottom video requires that a boat travel across a farm site without interference by culture or mooring lines. The
orientation of transects should as far as possible follow depth contours to minimize depth and sediment type variations. Bottom imaging with GPS
navigation would be obtained continuously (video) or at random or regular intervals (still images) along the entire length of a transect running through and
outside farm boundaries in both directions. Image analysis can then be applied to examine gradients in benthic conditions along the transect.
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Bottom samples for the preliminary site assessment and subsequent Tier 1b, 2a and 2b monitoring programs may be collected using the GA approach

sampling in either upstream or downstream directions by collecting samples at known distances from the farm boundary (Fig 3). Station spacing can be

uniform or increase with distance from the edge of a farm with triplicate surface (0-2 cm) sediment samples collected at each of the five sites along a
transect.
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Fig. 3 Four examples of gradient sampling approach for Tier 1b, 2a and 2b assessment of benthic effects of bivalve aquaculture (Fig. 1). The bottom sampling
sites (solid dots) are aligned along the axis of the major current (arrows) and run through the farm boundaries (dotted lines). Samples for total 'free' sulfide
measurements would be collected in triplicate from five stations along a single transect either upstream or downstream from the farm. Station spacing

could be uniform or increase with distance from the farm edge. Transects inside and outside the boundaries of the culture area should have generally
similar depths and sediment types.
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Bottom samples for the preliminary site assessment and subsequent Tier 1b, 2a and 2b monitoring programs may also be collected using a random control-

impact sampling approach (Cl and BACI) by collecting samples in either upstream or downstream directions at known distances from the farm boundary.

Triplicate surface (0-2 cm) sediment samples can be collected from five randomly located stations within farm and non-farm areas (Fig. 4). Control sites

are located in an area assumed not to be influenced by the cultured stock (e.g. a sufficient distance from farm boundaries to be unaffected by increased

sedimentation of bio-deposits). Depths and bottom substrates in the farm and non-farm areas should be similar to avoid confounding effects of depth and
sediment type on S concentrations.
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Fig. 4 Example of random sample station locations for Tier 1b, 2a and 2B assessments of benthic effects of bivalve aquaculture. Total 'free' sulfide

measurements would be made on triplicate samples of surface (0-2 cm) sediment collected at five stations with generally similar depths and sediment
types located randomly within (solid dots) and outside (open circles) of the farm boundary.
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Statistical Analyses
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Gradient Sampling Approach: Data from samples at five or more locations along each transect can be compared using linear and non-linear regression
methods to test for significant gradients with distance and goodness-of-fit. Common statistical packages allow p values to be calculated with assumptions
that independent residuals have equal variance. Bartlett's test can be used to test for equal variance across groups of samples.
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Random Sampling Approach: A one-sample one-tailed t-test can be used to determine if the mean S concentration within a group of stations where bottom
samples can be collected exceeds threshold S concentrations (1500 and 3000 uM) to determine if a Tier 1b, 2a or 2b assessment is required. The precision
of the test depends on the number of observations, assumes random sampling with independent observations and a normal distribution. This may not be

the case when sample size is small (n=15). The null hypothesis (mean S concentration at the culture site is equal to mean values at control sites) is rejected
when p<0.05.

+H 40 @ H
|:| J,>'_ 4L i
d0 mu njo

Wilcoxon MBE-=9 A|FES AHEBSI0 Lot IX|Q] ME AO|e] B+ =S YA &
A& E|7] Map 20f Hl w3 4= QUC} H|24=(non-parametric) A|& 2

HYELC HFR7ME2 HEE 5 EE 82 5%+ 42 2= g7t L= AS 2O|sict (A A
HEXQ| S|4 XtO|= 00|LC).

A Wilcoxon signed-rank test can be used to compare median values between samples in same location are compared before and after culture activities
have begun. The non-parametric test is recommended due to the small numbers of samples being compared. The null hypothesis is that the distribution
functions of median values of two related sample groups are the same (before-after observations have a median difference of zero).

MEO| J7|71 &2 42(n <20) Mann-Whitney U A2 AFESI0 & BEE & AO|e] 5%+
U0l ROSHA CHEX| O R E =ole = QCL Ol HAEE= &£ =8 AE° ME0 st 22 22t
Sl 40| U=X| R E ZAFSCE H 220 Ot 27 A2 QICE AlZt2 & HE 182 S
Sk S5 U0IM AlZHO)| [HE W37t s YSiCHe HE7HE S BS5H7| Ish BAH| o &%t
HE2 ALY &+ %UZP. Of Ald2 S A8 B2 AESHY AT HIFAE XY L SO
59l 448 st C 2A0E H8Y &= ULt HF 7HE 2 F S 2t 25 X|7F 72|5HA CHEX
§UCHs A= Lo 'ﬂgf BA X CI H|7t Al AFHO| A[Z 7| ™ 2o SH X|Faf 24l X[H0f|A
Cto| WEY AlZHd ZA0M Z7hsSSIEHEH, fIK], AlZH R IXxA|Zt 2 A80 24 24 B2 S
A% BACI H| I E g 4= QUCt J2Lf, 24 M= HO|H7t A 2XE 20 ME 3 7|7t
A2 I 8A A5 0| dAak|=X =lsof otrt.

When sample size is small (n<20) a Mann-Whitney U test can be used to determine if median values between two groups of samples are significantly
different. The test determines if samples from two independent groups have identical distribution functions and median values. There is no requirement
for a normal distribution. Time can be used as the grouping variable in a BA comparison to test the null hypothesis that the temporal change in median S
concentrations in two groups of stations is the same. The test can also be applied in a Cl design to compare median values of S within farm and non-farm
areas using site as the grouping variable. The null hypothesis is that observations do not differ significantly between the two areas. If BA and Cl comparisons
are available with multiple sampling times and locations in control and farm sites before and after culture operations begin, a BACI can be performed using
an ANOVA model with site, time and site x time interaction. An ANOVA, however, requires confirmation that the data are normally distributed and the
statistical power is reduced when sample size is small.
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APPENDIX V: METHODS FOR REDOX (EhNHE) AND ‘FREE’ SULFIDE MEASUREMENTS IN MARINE SEDIMENTS

1.0 El '=' A = A X|

Oo=2T-d

Collection of sediment samples

& 20| <20m oA, 7Is3t E|XE2-5

B2 |X[st7| /sl 'LEANE of32 O K E(open ended acrylic core tubes)E E|H=Z
O] @0 CHOIHE2 AFRY = ULCL FEHR2 HIE7| SZH(A gentle twisting motion)2
HEO & 7|l= AS X5, MYUSts ¢ EXE BH UF S 20 R 20|
X[ BtCt,

At sites <20 m depth divers can be used to push open ended acrylic core tubes into the sediment to maintain the sediment-water interface as
undisturbed as possible. A gentle twisting motion prevents sediment compaction and keeps the sediment surface inside level with that outside the
core during insertion.

A0l &Rt SIEE =45 XS] 5 17 0P E= BEEtAE FHL=E HeLCt

Upper and lower ends of a core are closed with rubber stoppers or plastic caps to prevent water leakage.

O 72 $AMo|M= 23 xHL|Z|(Of: Bt Bl(Van been), 0.25m2) 7} AL E 4= QICt E|MES xHL|7|0f
SHS| KPR YOI EINSB AR FO| MAE|K| %2 ARE P2 4 ULk

Lo— LS = =2 T M

o
—

™ (the sediment-water interface)= EPE|7(| 2

ﬂ mgoox ro

At deeper depths grabs (e.g. Van Veen, 0.25 m?) can be taken. If sediment does not completely fill the grab a reasonably undisturbed sample of the
upper sediment layers can be obtained.

HOD MRXE MY 4 Ut FEY HFo| 2YS 3ol FHO| 7| YHS et SLE 2m
2702 HBoD BT BHO|Z2 Hof E|NE ot AIRSS A2 CH2 ZO|o|A e + U7
st

Holes of sufficient diameter to allow insertion of a cut-off syringe are drilled at 2 cm distances in a spiral fashion down the length of a core tube and
covered with duct tape allow sediment subsamples to be withdrawn from different depths.

0] x| 2, B8 = BHO| S XAk ffof =5 S 7AIStl =40] BHE|OF 510, of 2[ 2
Z'2S A8ol0 RIUMEH AR 24 1EE H2 Hi2 HOIZSE (X) RY2= AHEL)

After retrieval of a core, kept upright and handled gently to minimize disturbance of the sediment surface, a sharp blade is used to cut into the duct
tape (X) over each hole starting at the top.

30| Ol Z O 2 £ XA HiAlo| AMZ 2
WA = ALK

r|o

o

rlo

#O|

i

HA

Ml

22 M, o €2

ol

o| mat

—

o

Sampling in a sequential down-core fashion prevents disturbance of deeper layers when more shallow depths are sampled first.
Sml Ao HEIX|E= FA|S] &S 200 =E3IA =2 9| LU SHHE TS
MY ME {2 AL ST

A 5-ml cut-off plastic syringe is used as a subcorer filled by slowly withdrawing the fully inserted plunger as the body of the syringe is pushed
horizontally into the core.

| b

O MUZ[(@ grab)el EH E[M=2REH =2E ME2 2EXE 2am ZO[Z2 HIASSHA
HEoty st dEez dS = ULh FAY| N 2EAES ENz ez HHEY
2O ERA7|0f, EHMIt REXH2 2 HlZEICt 0] A= HiZ20| 25| Bkl HEIX|7t 57
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= =X =]
A= 20l 0-2cm BOUM =22 B == M E W7HX| Eh=EICH
A mixed sample from surface sediment in a grab can be obtained in the same way by inserting the syringe obliquely to 2 cm depth. The plunger is

partially withdrawn as the open-end of the syringe barrel is slowly pushed into the sediment. The procedure is repeated until the barrel is fully
withdrawn and the syringe filled with mixed sediment from the 0-2 cm layer with no air bubbles.

9. FA|E & HE=(F7| KtEh E2tAE FHo=2 BHE UOoF StH EF L dE(G cOMEE
H 25l OF ShC
Syringes must be closed with tight fitting (air-tight) plastic caps and stored on ice or refrigerated ( 5 C).
10. 4~6A|Zt OLHO]| A5t EH I | redox potentials (ENNHE) & 83| =l (Xt & 3t=(HS, H.S, S
Ot 242 =lsoF SO} 2Lt MES dT EaStALE, WSSHA| 0 S0 EastH X[ oY
72A|2t SO Eatgt o= QICH

Analyses for redox potentials (EnNHE) and dissolved ('free') sulfides (HS", HS, S7) (S) should be carried out within 4 to 6 hr but samples may be stored
for up to 72 hr if refrigerated or held on ice without being frozen.

2.0 MIAZATFL (Ehnue)

Redox (Ehnke) potentials

21 M=

Materials

1. 0|2 Mg HI(SE) F87I(0: 222 4-2E pH/ISE, 2& #1215001) £= Metetd M=
FAO| Mot AHHE S Zetet RE my OJE.

An ion specific electrode (ISE) meter (e.g. Orion 4-Star pH/ISE, model #1215001) or any mV meter with a connector suitable for attachment of the redox

electrode.
2. ISEO|H 2&b0) Mot A4 H & A o|21} LHE 7|&E M30| AgtEl A3t 2 M 2{(ORP) Pt ™=,
(O Al: Q2|2 96-78BNWP). HF0= &2 Pt ClAT (T HCH=)7F Q0{0F otH, =™ 5=

A010k(gel 2 XHHZT! ZAO| OFl) St1 O ZA[ 2M|(THE HX|E 2[sl)2 = Z0[0{OF SHLt.
An oxidation reduction potential (ORP) Pt electrode combined with an internal reference electrode (e.g. Orion 96-78BNWP) with a cable and appropriate

connector for attachment to the ISE meter. The electrode should have a thin Pt disc (rather than a pin), be refillable (not gel-filled) with an epoxy body (to avoid
breakage).

3. oY EMZ0 ALEEE A2 M30sE A 4 M KCL 3 U (solution)O] HEHEICH (O
Q2|2 2% #900011, Ag/AgCI2 E3} AEHQI KCL)

A 4 M KCL filling solution (e.g. Orion solution #900011, KCL saturated with Ag/AgCl) is recommended for redox electrodes used in marine sediments.
4. Atotetbbg FE 8% (solution)2 LF ISE M= MZYMOM TS = AALL Zobells £FM
€2 BESEHE2 MY=22H T8 E & AUCL (ot H=

Redox reference solutions may be purchased from some ISE electrode manufacturers or standards such as Zobells solutions can be prepared from reagents (see
below).

5. ME AERS pt Q2R ISE B3 AR 7H5)8 SO ALRSIALE DjME 22 NHES
GOLR R ALRE 4 ULt

Cleaning strips can be used for polishing Pt electrodes (available for Orion ISE electrodes) or a fine powdered detergent can be used as an abrasive.

2.2 Zobell Eh & 8% (solution)

Zobell Eh standard solutions

1. Zobell EE A: KsFe(CN)s (potassium hexacyanoferrate (l1))2] 0.825 gt K,Fe(CN)s -3H,O

|:-_| ==2A

(potassium hexacyanoferrate (II) trihydrate)2| 2.11g2 50ml £ o|E2tA30| @10 S5 25mIE
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Zobell Standard A: weigh 2.11 g of KsFe(CN)s -3H.O (potassium hexacyanoferrate (lI) trihydrate) and 0.825 g of KsFe(CN)s (potassium
hexacyanoferrate (Ill)) into a 50 ml volumetric flask, add ~25 ml of distilled water to dissolve the solids and dilute to 50 ml.

2. Zobell EF B KF-2H,0 (potassium fluoride dehydrate)2| 1.695 g2t 0.825 g KsFe(CN)s, 0.21 g
KiFe(CN)s -3H,0E 50ml FI| E2tA230| @1, SF+ 25mliE 20 IHE =0[10 50mITHA|
S| MBHCL

Zobell Standard B: weigh 0.21 g KsaFe(CN)s -3H.0, 0.825 g KsFe(CN)s and 1.695 g of KF-2H,0 (potassium fluoride dehydrate) into a 50 ml volumetric
flask, add ~25 ml of distilled water to dissolve the solids and dilute to 50 ml.

3. AlMgt ZoBell of &2 ArEot7| HO| HO{Z= 24A[ZF O RAO{OF otrt. EH2 2|
AEH EtA30| B I 2 2 S 20 g o|Ct

Fresh ZoBell's solutions must be at least 24 h old before use. Solutions are stable at room temperature for several months when stored in air-tight
glass-stopper flasks.

1}%

qal-

2.3 Pt M= =4t

Assessing Pt electrode performance

1. X SHZE MY& pt W2 Aot S BEEH2 4= 28517 Holl 22 2442 S

— — — — — = - —
™ 8AUS FI510] 2-d3tslOF otrt.
Pt electrodes stored dry must be activated by adding the filling solution at least 24 hr before determining performance in redox standards.
2. TH|E =2 BE 8940 dEo Loh-2tpl Ag B3z QI8 MIE5HA (<30%) 3|0 OF
=g
A prepared electrode should stabilize rapidly (<30 sec) due to the strong oxidation-reduction coupled reaction in a standard solution.
3. E7 8% Zobell 8 A2 AL +234 + 9mVe| |2} 20°CH|IA B +300 + 9ImVe| M QE 71M0f
EF Ct.

With a 4 M KCL filling solution Zobell solution A should have a potential of +234 + 9 mV and solution B +300 + 9 mV at 20 °C.

4. otF S¢F AES 20l= T=2| Pt 5 MA E= HOHK ﬁEEIEE MAet 2 SF+2 AHOF
otht ZoI7h 2ae 38 F 0ld) S 8UE MAStL ZR2EE XIS ofo] 2 o
UL,

After a day’‘s use the Pt tip of the electrode should be cleaned with a detergent or abrasive strip followed by rinsing with distilled water. For long
term storage (more than a week) the filling solution can be removed and the probe stored dry.

2.4 EhNHE &%

EhNHE measurements

1. sml AP MEL, EIXBO| 2ml o}2l MB 2742 HEREM S CI2 B0 ALBEE 2K
AEot 8 £467] Yo ALBEICE (@48, Y=, 87| 87

Samples in 5 ml syringes allow two 2 ml sub-samples of sediment to be analyzed, either as duplicates or with the second sample used for other
analyses (e.g. water content, grain size, organic matter).

2 £ Hol EME 2miE FAIOIM H2(s0m) HIFHE Uo| Werh MK EAIS ABHHO]
ABEE 832 ZHE + ULt

Prior to analysis 2 ml of sediment is pushed from a syringe into a small (50 ml) beaker. Syringe markings can be used to determine the extruded
volume.

. = XK o e L- o =]
3. SIRMEMEME) 228 SA| FYst pt 32 MEO €0 Pt ot H2 E[XHE At0|0f
- x -, P~
25| HHE =5 ofiof O_Hih
Temperature measurements of the subsample should be made immediately and the Pt electrode placed in the sample to ensure full contact between
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the Pt tip and wet sediment.

mV Z#542 1-22 O|LHO| Y Ste|0fOF SiCt Aot E[HEXNE ThY Lhoh-2hal 2E300| 25|
Mot HEI7 MOEX| B 42 = Belel B/ XSEAL FF =Kl E27t
ULt (Whitfield 1969). O A|ZF L{OI| RFEEIX| M mv =X S 7|F5t= 8 9| AlZH3-4:2)S
MEfe = QUCt 2 E B[N =2 Hels T2 7t9d BHEA| B30 o3 2UH oz Hofjx=
Mot S JEZ Qo) oz HS WEA eHY=tEICh [HSag. «+ S°rhomb + H*ag. +

2e’] (Berner 1963)

mV readings should stabilize within 1-2 min. If redox conditions are not controlled by single oxidation-reduction reactions, as in oxic sediments,
there is often a slow, continuous drift of electrode potentials (Whitfield 1969). An arbitrary time (3-4 min) can be chosen to record mV readings if
they do not stabilize in less than this time. Potentials in reduced sediments usually stabilize more rapidly due to redox conditions being controlled
primarily by the reversible half-cell reaction [HS-ag. <> S° rhomb + H*ag. + 2e’] (Berner 1963).

ZH™E my M= A3 E=XIoHD ME 20 st M EME =75t Udb A
HF(Ehnne)0l| HOMC 22 HEHYEICH (B 1)

Measured mV potentials are corrected to be relative to the normal hydrogen electrode (EhNHE) by addition of a potential characteristic for the
filling solution used and the sample temperature. (Table 1)

# 1 ChYot 200 28 =2 50| dii¥el 7|& = H9lmv) L 58 8Y 5= Ehves

27517 ?lof Pt TS0 F7he|0{OF STt U EA| 2f HFTI(1999H).

Table

1 Reference electrode potentials (mV) relative to the normal hydrogen electrode at different temperatures and filling solution concentrations to be

added to Pt electrode potential to determine EhNHE. From Wildish et al. (1999).

3.0

ASC

25(°0) 1.5 M KCL 4 M (E3}HE) KCL
Orion #900001 Orion #900011

5 254 219
10 251 214
15 249 209
20 244 204
25 241 199
30 238 194

TR HE

‘Free’ sulfides
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31 M=

Materials

2. Orion Ag*/S= 22t =(Orion #96-16BNWP) SE= M= EI0Of| Agll &f2 ClA3(H zcrhwr U=
HXoh = 32 EA 242 2[2Y 4= AOJOF 5t0 (SE DIE 0| fAE = A= Hedsot

{47} QL0jof St

An Orion Ag*/S™combination electrode (Orion #96-16BNWP) or similar electrode with a thin disc of Ag (rather than a pin) at the electrode tip. The
electrode should be refillable with an epoxy body and have a suitable connector to allow attachment to the ISE meter.

3. Orion 96-162| A& HgH™=0| AEEl= 22, Optimum Results A & (Orion #900061)=
ZHo| 2ot 3H AlZICE H&ot 5= ZHHE flot 5T 8Ho = AHBICE (Termo Electronic
Co., 2003)

If the Orion 96-16 Sure-flow combination electrode is used, Optimum Results™ A solution (Orion #900061) is recommended as the filling solution
for precise S measurements with optimum temperature and response time (Thermo Electron Corp. 2003).

3.2 Z3E LtolHEX| k=9 (SAOB)

Sulfide anti-oxidant buffer (SAOB) solution

1. SAOB solution2 OrionO| Al FOE &= A2D4(0]|: Sulfide Antioxid Buffer (SAOB Il) Reagent Pack
#941609) E=2| A[efo 2 FH|g 4= ULt
SAOB solution can be purchased (e.g. from Orion as Sulfide Anti-oxidant Buffer (SAOB Il) Reagent Pack #941609) or prepared from separate reagents.
2. NaOH 20.0 g % EDTA 17.9 g H{I{ (O 2 C|OLRIH E2LOLM EAOILIE &EO|5=2tE)= 250ml
HO|ZetAI0| 20| SRS s|MBH

20.0 g of NaOH and 17.9 g EDTA buffer (ethylenediaminetetraacetic acid disodium salt dehydrate) are placed in a 250 ml volumetric flask and diluted
to volume with distilled water.

3. ARESHZ| Hof| 27K 8AS AS{0F oot HF 0| 2t E| o) 722 QFFSILY.
Allow the solution to cool to room temperature before use. The solution is stable for up to 7 days if stored in a refrigerator.

4. L-ascorbic acid 8.75 g2| L-ascorbic acid& w415}t7| ZF 0 SAOB solution 250 mIE & 7IStCt.
d=g=E2 =22-E5t2 2 3A[ZH O[L{Of| AHESHOF BTt

Just before standards or samples are to be analyzed 8.75 g of L-ascorbic acid is added to the 250 ml of the SAOB solution. The mixture is unstable
and must be used within 3 hr.

5. OfATZEZEHAMS Z3S SAOBE HEE Y &4 E[HE ME0| 1:1 20|/ Z HItstCt

The SAOB with ascorbic acid is added to standards and wet sediment samples in a 1:1 volume ratio.

3.3 &2l EE 89

Sulfide standards

1. NaySe9H,0 2| 2.402g FAE 100ml
100mIZ7tX| B M A7 0.1M NaxS K&
AHESHY OM|oH Y22 FX|A|7{0F BHLL

93 ZHICL

22(N2-bubbled) 2
_(zl. Elg E”'X|'A|-'=”' o

ol FAE B-2E2 =¥

o>| -|II
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A stock solution of 0.1 M Na2S is prepared by weighing 2.402 g Na,S*9H:0 into a 100 ml volumetric flask and diluting to 100 ml with de-oxygenated
(N2—-bubbled) distilled water. Large crystals should be ground to a fine consistency using a mortar and pestle. Use rubber gloves and weigh the
reagent on a balance in a fume-hood.

Na,Se9H,0 U2 SEStL 7| =& Al &A M==t=XT (H2[7F 1973H), =& 01 M

HEFA2 o5 HHE Hoj =0 4842t S MEHO| 7+SSHL.
Although solutions of Na;Se9H,0 are unstable and easily oxidized on exposure to air (Barica 1973), the concentrated 0.1 M stock solution can be
stored refrigerated in a dark, air-tight bottle for up to 48 hours.

s=E #EEY 1mlE FOEet23z F7|0 FUHLASFES 90mIZ 100mI7HA] 5] 45}0]
SN 522 5|l A2 =F BHELL

A decreasing concentration series is prepared by transferring 10 ml of the concentrated stock solution into a volumetric flask and diluting to 100 ml
with 90 ml of de-oxygenated distilled water.

O] Xt Zt EZO 10ml S 2F 21 EAtA L 90mIE AFREIY XXM o 2 BHEEICEH (0 10,000
UM S= EE 8N Z BO|E2tA3 2 £7|10 100 mIZ 3|A 510 1000 pM S9).

The procedure is repeated sequentially using 10 ml aliquots of each standard and 90 ml of de-oxygenated water (e.g. 10 ml of 10,000 uM S= standard
solution is transferred to a volumetric flask and diluted to 100 ml to prepare 1000 uM S7).

S|MEl BT 82 S AYoIEE Vst ot ®e| TS 2¥S Aol AHESHOF SHLf.

Diluted standards are unstable and must be used for calibration of an electrode as soon as possible.

34 Ag+/S- H3EH™

10.

Ag*/S" electrode calibration

AXE Ag /S FRHFE2 AHE T |4 24417 32 STIHE B 7510 &dotE| 0 of Birt,

A dry Ag*/S™ combination electrode must be activated by adding the filling solution at least 24 hr before use.

HEOM o & xl= o 2 LT[ EZ(G: 100, 1000, 10000, 100000pM S*)O| FH|FI LY,

A set of standards (e.g. 100, 1000, 10000, 100000 uM S7) is prepared to span the range expected in samples.

HE2 UEN Lo 2= 0f0f oho

Standards should be at the same temperature as samples.

Ag/ST == 82 0 78 Tof| AHOtX| AEEO[LE MK XS AHESH0 FEEA MABHOF
=g

The Ag*/S™ combination electrode tip should be gently cleaned using an abrasive strip or detergent solution before each calibration.

Ag/ST =TS EFE2 B#E A2|Z0M 2N s=0AM 22 52 2 Y5H0f ohot.

Calibration of the Ag*/S® combination electrode should be carried out working from the lowest to highest concentration in a standard series.

S Yot &2| SAOB(Acorbic acid7t F7HEHhE EFES 1:12 S| MSHCHO: 2ml EF + 2ml SAOB).
Standards are diluted 1:1 with equal volumes of SAOB (with ascorbic acid added) (e.g. 2 ml standard + 2 ml SAOB).

ISE OB OPH3t & my MIZ 7|2817| 93 BF 58 B0l M AFR3|of SiCh (YHx oz
<2 &)

The ISE meter should be used in the direct measurement mode to record mV potentials after they stabilize (usually <2 min).

logio S=2F mV T2 AtO|2] & M A0 Lt O|2EH 7|27| &&= & -28 mVOI|LC} (Termo

Electronic Co., 2003).

The theoretical slope constant for the inverse linear relation between logio S* and mV potential is approximately -28 mV (Thermo Electron Corp.
2003).

A2k2 M(calibration curve)?| 7|2 7|= Zt2H 101 20 °C 0| A{ 28.1 ~ -29.1 AtO|Q] 0|2 gt 2
250 oF7F AIASICH M2 7|27 Alxe 8= E40| et (-26 ~ -34) EHa2tRICt

The slope of the calibration curve is slightly temperature sensitive with theoretical values between -28.1 and -29.1 at 10 and 20 9C, respectively. In
practice slope coefficients vary (-26 to -34) depending on electrode characteristics.

MIL A43k oHR0| o ¥ Tk ME AE0| £X MB0| DY Of ST

- 1= - L o=
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Electrodes should be calibrated at least once a day or during a day before and after analysis of a set of samples.

35 E3lE =H™

Sulfide measurements

1. 7|2ty Hele 220 23t EF0|H HE2 St 2= (+1 °C)0{OF oLt
Electrochemical potentials are temperature sensitive and standards and samples should be the same temperature (1 °C).

2. SAOBE tteetlts 53 & = E[H =111 8HE FA| F7HECh
SAOB is added to the sediment (1:1 volume) immediately following redox measurements.

3. Agr/St T=S2 EO| SAOB-HTE =220 25| HE + A== HYX ot
The Ag*/S= electrode is positioned such that the tip is fully immersed in the SAOB-sediment mixture.

4. SAOBZ} ddet LZE|d ZU(pH>12)2 LMY 55-2=2=(FeS A Pyrite)0| S8kl AlZH
Zutof et = s=& S7HAIZICE B2 ZEVF QHEetEAS W 7hstt of Ee| MRS
7|Z5t gt xaste = UCHI-22).

Alkaline conditions (pH>12) created by SAOB will dissolve solid phase metal-sulfide complexes causing S= concentrations to

increase over time as particulate phase sulfides (FeS and pyrite) are solubilized. The effect can be minimized by recording
potentials as soon as possible when drift has stabilized (1-2 min).

5. HEHY mv TH=US uM S5 A LS| 2 HEEA 2 240A Arg &L
The stable mV reading is used in the calibration curve regression to calculate pM S=.
6. Ag'/s- M3 giz AlR EA Afo[of §R0| Stn BSR4 MAS 4 Urt
Ag*/S= electrodes can be wiped clean and rinsed with distilled water between the analysis of successive samples.
7. W=2 1578 0|y Eadhs B2, X (reference) = ST 8HS Hiroll MHE SFRTE
MEBHOF BHC},
The reference electrode filling solution should be drained and the chamber rinsed with distilled water if the electrode is to be

stored for more than one week.
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