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Chairman Stautberg, Vice Chairman Roegner, Ranking Member Williams and members of the
Committee, thank you for the opportunity to offer interested party testimony on Senate Bill
315.

My name is Matt Watson. | serve as Senior Energy Policy Manager at the Environmental
Defense Fund. EDF was pleased to offer testimony on the bill in the Senate Energy and Public
Utilities Committee, and I've attached that testimony here for your consideration and to
include as part of your record. | would urge you to review that testimony, as it provides
detailed, supporting information on some of the points I'll make more briefly today.

EDF has been working on the aspects of SB315 related to transparency and disclosure in oil and
gas operations. In doing this work, we bring to bear our experience helping develop the
chemical disclosure polices adopted in Arkansas, Texas, Montana, Colorado, Oklahoma and
Pennsylvania. My comments today will center around the disclosure provisions in SB315, but
before | move forward with that | want to make an important point.

While transparency in industry operations is critical, it is just one part of all that must be done
to ensure that oil and gas operations are safe. Several of our colleagues in the environmental
community have put forward a package of amendments addressing a wide range of important
issues not covered in my testimony, and EDF urges the committee to give these ideas careful
consideration.

We do not expect that every challenge can be anticipated and solved in a single piece of
legislation. Yet, Ohio is at a watershed moment. When development of the Utica shale takes
off, the pace and the scale of activity will be daunting. To keep regulators from being

1875 Connecticut Avenue, NW T 202387 3500  New York, NY / Austin, TX / Bentonville, AR / Boston, MA / Boulder, CO / Raleigh, NC
Suite 600 F 202 234 6049 Sacramento, CA / San Francisco, CA / Washington, DC / Beijing, China
Washington, DC 20009 www.edactionfund.org free 1



overwhelmed — and to make sure communities and the environment aren’t overrun — it is
imperative the State put key protections in place today.

So again, we urge you to give close consideration to the ideas being put forward by our
colleagues. The decisions that are made today will shape the face of Ohio for a generation.

With that in mind, | would like to turn to the chemical disclosure provisions in SB315.

In the introduced version of the bill, companies would have been required to publicly disclose
the full range of chemicals used throughout the entire lifecycle of oil and gas wells — the so-
called “spud to plug” approach to chemical reporting.

We were pleased to voice our support for this approach. It reflects an understanding that a
wide range of dangerous chemicals are used in drilling, stimulating, operating and plugging
wells, and regulators and the public need to know what’s being used in order to evaluate risks
and put strong standards in place to protect communities and the environment.

Unfortunately, in the bill that passed the Senate — the version of SB315 that is before you today
— much of the reporting that would have been required under the Governor’s original proposal
has been eliminated.

The substitute bill still has requirements for reporting the chemicals used in stimulating a well.
It also has requirements for reporting chemicals used for drilling the surface interval of a well.
And it’s worth noting that the bill language for these provisions — while still needing
improvements — is stronger than what was in the introduced version of the bill.

But the requirements for disclosing chemicals used for drilling below the surface interval were
dropped.

We urge you to restore the provisions requiring disclosure of fluids used throughout the entire
drilling process, not just the surface interval. Companies use increasingly dangerous chemicals
the deeper they go in the drilling process. So, limiting disclosure of drilling fluids to only those
that are used in the surface interval doesn’t make sense.

Yes, once you get past the surface interval, casing and cement will be in place that, if done
properly, should protect groundwater from the drilling fluids used during the deeper stages of
drilling. But there are still ways these fluids can get loose into the environment — most often
through surface spills, but also pit failures, improper waste handling and disposal, and even
blowouts.



Likewise, the Senate substitute dropped requirements for reporting chemicals that are used in
servicing, operating and plugging wells. Again, we urge you to restore these provisions to the
bill. There are multiple pathways for unintended releases of these chemicals, and it is critical
for regulators to know what’s being used so that thorough risk assessments can be performed
and reliable standards can be put in place to mitigate those risks.

Finally, we urge you to add language to the bill to begin the process of assessing and reporting
the chemical composition of waste streams from oil and gas operations. Without an adequate
picture of the chemical makeup of wastewater and other wastes that come from oil and gas
operations, it is difficult to impossible to determine whether various methods of waste handling
and disposal are protective of human health and the environment.

In addition to restoring the “spud to plug” approach to chemical disclosure and adding language
on waste characterization, we would like to draw your attention to a few key areas where
important language changes are needed to ensure the bill meets its intent and to make sure
public confidence in these provisions isn’t undermined by loopholes and unintended
consequences in the language regarding trade secrets.

Trade secrets generally. Under both the introduced and substitute versions of the bill,

companies would be required to submit trade secret information to the Department, and the
Department would be required to keep that information confidential. This is the same process
that Pennsylvania and Wyoming use for managing trade secrets, and we commend the
Governor and leaders in the House and Senate for advancing this approach.

We support this system for managing trade secrets for two critical reasons. First, it ensures
that DNR will have quick access to chemical information if it is needed to respond to a spill or
release, to initiate an investigation, or to respond to a complaint. Some have suggested that
companies should be allowed to withhold trade secret information from the Department. This
would be a mistake. It would mean the Department could face unnecessary and damaging
delays in performing its duties.

Second, when the Department has possession of the trade secret information, it gives Ohio
citizens broad standing to challenge trade secret claims by operation of the Ohio Public Records
Act. It's important to note that this would not burden the State with undue legal obligation or
expense. It would merely create a mechanism by which citizens would have clear standing to
challenge trade secrets in the courts. And as a matter of practice, the expense of such a case
would be borne by the person challenging the trade secret and the person asserting the trade
secret protection.



Giving citizens standing to challenge trade secrets is absolutely fundamental to a successful
disclosure policy. It is the most efficient means for bringing integrity to the system — giving
companies a clear incentive to be judicious in asserting trade secret claims, and providing an
option for the public to challenge questionable trade secret claims. Without such a “policing”
mechanism, the public can’t have a reasonable level of comfort that companies aren’t hiding
behind trade secret claims in illegitimate ways.

Unfortunately, we hear there are efforts by some in industry to amend the bill so that
companies would be allowed to withhold trade secret information from the Department. For
the reasons mentioned above, we would strongly oppose any such amendment. If such an
amendment were to be adopted — ill advised as that would be — it would be critical to include
new language creating a cause of action providing Ohio citizens broad standing to challenge
trade secret claims in court. Without such a provision, public confidence in the disclosure
provisions in this bill would be seriously undermined — perhaps event fatally crippled.

The “reasonable efforts” standard. In lines 1786, 1821 and 1939, the bill states that well
owners must make a “reasonable effort” to obtain from service companies and vendors the

chemical information that they are required to disclose. The term “reasonable effort” is not
defined and thus presents a potentially significant loophole. If the service company or vendor
doesn’t provide the information, there is no one who has an obligation under the law to
disclose the information. The simple solution here is to do what other states of have done and
create a clear compliance obligation for service companies and vendors, such as the following
language:

“A service company that performs drilling, stimulation, completion, reworking,
refracturing, restimulation or recompletion operations on a well or a vendor that
provides an additive, product, fluid, chemical or substance to the owner of a well
shall, with the exception of information claimed to be entitled to trade secret
protection, provide to the owner of a well the information necessary for the
owner to comply with this section.”

Chemical class information. Probably inadvertently, during the course of adding clarifying

language in the substitute bill, an important concept was lost. In cases where companies claim
that the identity of a particular chemical is a trade secret, they should be required to publicly
disclose the class, family name or similar descriptor for the chemical, as has been done in other
state disclosure policies. This provides the public at least a general sense of what the risks
associated with the chemical might be, while still protecting proprietary information.



Disclosures to medical professionals. The bill contains language that ensures medical

professionals can get quick access to trade secret information that they otherwise would not be
able to obtain if the information is needed to treat or diagnose a patient; and it seems clear to
us that the language does not prevent a medical professional from sharing that information
with the patient or with any other person who may need to be involved in the diagnosis or
treatment process. However, the language would seem to prevent medical professionals from
sharing that information with other key individuals if the medical professional determined that
a trade-secret protected chemical was likely to present a health risk to others. To fix this
problem, we recommend adding language at the end of subsection (H)(2) making clear that a
medical professional may share information with public health officials and others as necessary
to diagnose, treat or prevent exposures to individuals beyond the immediate patient.

Ohio is in an enviable position. The economic opportunity presented by the Utica shale is
enormous, and Ohio has the advantage of being able to learn from the successes and mistakes
of states that have gone before it. But this position is also tenuous. It depends on putting
strong standards in place to guarantee protection of public health and the environment —
standards that can give people confidence that shale development will be done safely. With
that in mind, | thank you for your consideration of the points I've made today, along with the
issues raised by others in the environmental community, and | would be happy to answer any
guestions you may have.
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Chairwoman Jones, Vice-Chairman Balderson, Ranking Member Schiavoni and members of the
Senate Energy and Public Utilities Committee, thank you for the opportunity to offer testimony
on Senate Bill 315 as introduced.

My name is Matt Watson. | serve as a Senior Energy Policy Manager at the Environmental
Defense Fund. Since 1967 EDF has linked science, economics and law to create innovative,
equitable and cost-effective solutions to urgent environmental problems. We have more than
700,000 members worldwide, including more than 32,000 in Ohio.

EDF is somewhat unique in that we seek market-based solutions to environmental problems,
wherever it makes sense. And while we accept no corporate funding, we’re known for our
efforts to work with industry to achieve our environmental goals. As just one example of this,
in partnership with Southwestern Energy — a major natural gas producer in the Fayetteville and
Marcellus shales and elsewhere — we’ve brought together other producers and environmental
groups to develop model rules for well construction and operation. That’s an ongoing project.
Yet, even though not yet complete, we are pleased that is has helped inform the well
construction rulemaking that’s nearing the finish line in Ohio.

Over the past two years we have helped shape the fracturing fluid chemical disclosure policies
adopted by Arkansas, Texas, Montana, Colorado, Pennsylvania and those awaiting final
approval in Oklahoma. We’re also working closely with the Ground Water Protection Council
and the Interstate Oil and Gas Compact Commission to develop the next iteration of Frac Focus,
the online chemical disclosure registry that is increasingly being used by states as a platform for
public reporting of chemicals under their disclosure policies.

With that experience in mind, we’re here today to speak to the aspects of SB315 that address
transparency in industry operations — specifically, the so-called “spud to plug” approach to
chemical disclosure.

First, we would like to commend the General Assembly and the Governor for the thoughtful
approach that has been put forward. While the individual elements are similar to those



required by several other states, Ohio deserves a great deal of credit for putting these
standards together as a more complete package than other states have.

We think this shows exceptional foresight and recognition of the fact that, in order for Ohio to
fully capture the benefits that come along with development of the resource, you have to have
public acceptance that industry operations will be made safe for public health and the
environment.

Transparency is a prerequisite to having fact-based conversations. It helps build public
understanding of the relative risks associated with various oil and gas development activities.
And it allows people to be partners instead of adversaries in solving problems.

Transparency also helps regulators and elected officials identify the strengths and weaknesses
of regulatory structures, so scarce resources can be allocated more efficiently and effectively.
Likewise, transparency helps regulators facilitate quick and effective responses to accidents and
emergencies.

Finally, transparency helps companies learn from each other. This is a highly technical, data-
driven industry. The greater the data availability, the greater the opportunity for companies to
develop and operationalize practices to improve performance.

EDF has recommended a number of language changes on the bill in conversations with DNR
staff and the Governor’s office, and I'd like to express our thanks for their willingness to hear
from us and for the receptiveness they’ve shown toward our suggestions. | would like to
equally thank the Chair and members of the committee for the time they’ve given us leading up
to these hearings. While we have additional suggestions for the bill, today I’'m focusing our
comments on three key areas that fall under the umbrella of transparency.

Stimulation Fluid Chemical Disclosure

EDF strongly supports the intent of the language for disclosure of stimulation fluid chemicals.
We believe, however, that the bill language may have drafting ambiguities that could
complicate the rule development process. We would welcome the opportunity to work with
committee members on language changes to ensure the intent of the legislation is met and that
the final rules will include the following elements, consistent with the policies adopted in
Colorado, Pennsylvania and other states, and which have been supported by both industry and
environmental groups:

1. Disclosure of the type and volume of any base fluids.
2. Disclosure of all chemicals, not just those that are required to be listed on Material Safety Data
Sheets.



3. Identification of chemical ingredients by both common name and CAS number.

4. Disclosure of chemical concentrations as a percentage of the total stimulation fluid (not as a
percentage of the trade-name additives that contain the chemicals).

5. Disclosure of trade-name additives in stimulation fluids and descriptor of their general purpose
(but not their concentrations).

6. Disclosure of chemical family names when chemical ingredient identities are claimed as trade
secrets.

7. Provisions requiring a basic substantiation of the facts when trade secret claims are asserted.

8. Provisions ensuring DNR will have possession of any information for which trade secret claims
are asserted so the agency can respond immediately to accidents or emergencies. These
provisions should also make clear that the department will hold any such information
confidential unless a trade secret claim is challenged and overturned.

9. Provisions that allow citizens to challenge trade secret claims under the Ohio Public Records Act.

10.Posting well-by-well disclosures on the DNR website and on user-friendly websites such as Frac
Focus in a manner that will allow the public to search and sort data by chemical name, CAS
number, operator, geographic area and time period.

Disclosure of Chemicals Used in Drilling, Servicing, Operating and Plugging of Wells

Unfortunately, with the onset of commercial development of unconventional oil and gas
resources, the public debate on hydraulic fracturing chemicals has had the effect of obscuring
the fact that production operations utilize a vast range of chemical products. Now, however,
that is beginning to change, and the public is becoming aware that chemicals of concern are
used throughout the lifecycle of a well.!

Ohio is to be commended for putting forward legislation to proactively address these concerns
by requiring disclosure of the chemicals used throughout well development, production and
abandonment. Doing so will help ensure citizens, oil and gas producers, regulators and elected
leaders can have a rational, informed conversation about the potential risks associated with
production operations.

Failing to follow through on the proposed bill language, in contrast, will almost certainly
guarantee that Ohio will experience the acrimony and costs that come from public mistrust of
industry. It can hardly be overemphasized that, when industry fights against transparency
rules, the public naturally concludes it’s because they’re trying to hide something.

In addition to addressing public concerns, we would note that there is a very real, very
immediate need for regulators to have this information.

' Asan example from just one phase of well development, please see attached below Appendix 8 from the
International Petroleum Industry Environmental Conservation Association and International Association of Oil and
Gas Producers report, “Drilling fluids and health risk management.”



Chemicals used in production operations can escape into the environment through a number of
pathways, including: surface spills; exposure to subsurface formations and groundwater
sources prior to casing and cementing (in the instance of drilling fluids); failures in well integrity
and well control; failure to properly identify subsurface communication pathways, such as
abandoned wells that pass through a target formation; failures in pits, impoundments and
other containment facilities; improper waste handling and disposal; and volatilization into the
air.

Regulators need to have a thorough understanding of what’s being used in production
operations in order to make a realistic determination about the immediate and longer-term
risks and develop efficient and effective rules to mitigate those risks.

The language in SB315 will help ensure regulators have the information they need in order to
adequately address the risks associated with various production operations and will help build
public confidence that oil and gas operations will be conducted in ways that are protective of
public health and the environment.

We note that similar requirements have been adopted in other oil and gas producing states.
For example, Louisiana requires that documentation of all constituents added downhole in
conjunction with drilling and workover operations [See LA Title 33, Part IX (708)(c)(3)(h)].
Colorado requires the chemicals used to treat injection water to be reported [See 316A COGCC
Form 14]. The Bureau of Land Management requires reporting of the amounts and types for
“Acid, Fracture, Treatment, Cement Squeeze, etc.” on its well completion reports [See BLM
Form 3160-4].

EDF would welcome the opportunity to work with the committee on modest language changes
to ensure eventual agency rules meet the intent of the legislation and largely model the
chemical disclosure methodologies that have been developed through cooperative efforts
between environmental groups and industry, as outlined in the previous section of these
comments.

Waste Characterization

SB315 proposes language to ensure injection well operators are aware of the chemicals used in drilling,
stimulating, servicing, operating and plugging a well before accepting brine from that well. This is
useful, but it does not account for the fact that produced water will contain contaminants beyond the
chemicals that were sent down hole — including salts, metals, hydrocarbons, non-hydrocarbon organics
and, potentially, naturally occurring radioactive materials — contaminants that may be picked up from



the formation or that may be formed through interactions between oil field chemicals and formation
materials.”

Moreover, SB315 only contemplates one disposal method — deep well injection. Whereas, produced
water could ultimately go to reuse in subsequent wells, treatment and surface discharge, land
application, road spreading and other forms of reuse. Likewise, the bill does not contemplate
characterization, tracking and public reporting of wastes other than produced water — though other
wastes such as drill cuttings, used drilling muds, and produced sands will carry a range of contaminants
of concern.

Without a complete picture of the chemical makeup of produced water and other wastes, it is difficult
to ascertain whether a particular method of treatment or disposition is protective of human health and
the environment. The absence of such information may also handicap efforts to respond to and
remediate accidental releases. And without such information, we forgo the benefits of public disclosure
outlined at the top of these comments.

It is not our goal here to recommend particular protocols or conditions for characterizing, tracking and
public reporting of oil field wastes. This is a complex topic that will require thoughtful, measured
discussion between industry, legislators, regulators, environmental groups and the public to consider
the questions of when operators should be required to characterize wastes, what types of analysis are
appropriate for various situations, and what procedures need to be used for tracking and public
reporting.

Rather, our recommendation is that SB315 be amended to direct the DNR to gather stakeholder input,
conduct a study and report to the General Assembly with recommendations for statutory and regulatory
changes needed in order to implement requirements for the characterization of the chemical
composition of wastes associated with production operations and for public reporting of that
information.

We would also note that having moving toward a reasonable and useful policy on waste characterization
would not place Ohio outside the norm. Pennsylvania, for example, requires operators to perform
chemical analyses of residual wastes and report them annually to the state (See Pa. Code 287.54).
Louisiana requires E&P waste characterization and reporting of disposal methods (See La. Code
43:X1X.503A). Colorado provides the Oil & Gas director discretion to require sampling and analysis of oil
field wastes under certain circumstances; and as a matter of practice the Colorado Oil & Gas
Conservation Commission reports requiring waste characterization under the authority provided by its
900 Series Rules (See 900 Series and COGCC response to STRONGER questionnaire at p. 6 of:
cogcc.state.co.us/Library/ HydroFracStronger / COGCC_Response_To_STRONGER_06132011.pdf).

2 Attached at the bottom of these comments are three tables from the 2011 Bureau of Reclamation report, “Oil
and Gas Produced Water Management and Beneficial Use in the Western United States.” These tables illustrate
contaminants of potential concern in produced water.



Likewise, New York has in its proposed rules a requirement for operators to characterize and report
wastes (See proposed 6 NYCRR Part 750-3.12).

Conclusion

Ohio is in an enviable position. It sits atop a tremendous energy resource that has the potential
to bring much-needed economic development. It can even have an environmental upside if —
and this is a big if —it’s done right. Importantly, Ohio has the advantage of being able to learn
from the successes and missteps of states that have already undergone intensive development
of shale resources.

EDF is impressed with the thoughtfulness with which the General Assembly and the Kasich
Administration have approached these issues — through measures put in place by SB165 in the
128" General Assembly, through a range of agency actions taken under the Governor’s
leadership and through the measures put forward in SB315.

These measures don’t anticipate and won’t solve every challenge that Ohio will face as
development of the Utica shale intensifies, but they represent a very good start. EDF looks
forward to working with members of this committee, leadership in the General Assembly and
the Kasich Administration to improve and refine this legislation going forward.

Thank you again for the opportunity to appear on SB315. | would be happy to address any
guestions related to my testimony.
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A guide for drilling pevsonnel managers and health professionals in the oil and gas industry

Appendix 8:
Detailed health hazard information on drilling fluid components

Information has been provided on generic chemical materials used in drilling fluid compositions; for specialty trade name
products, reference must be made to the manufacturer’s data for the specific product.

Table 1: Health hazards of drilling fluid components

(omponent Human health hazard

Base fluid

Crude Crude o is raw petrolewm extracted in its natural state from the ground and containing predaminantly
aliphatic, alicydic and aromatic hydrocarbans. it may also contain small amounts of nitrogen, oxygen and
sulphur compounds.

Crude ofl is of low acute taxicity with demmal and oral LDS0 vahues greater than 2000 mgkg. Inhaltion toddty
expected to be bow. Light arude oils may pose an aspiration hazard and may akso cause symgptoms of central

niervous systam depression. Upon repeatad expasure, some light crude oils may cause skin dryness or cracking.
Available data ndicate that crude oil is not 2 sersitizer. Data available indicate that crude ods are cardinogenic.

Diesel |gasod) Gasoils contain straight and branched chain alkanes (paraffins), cycloalkanes (naphthenss), aromatic
hydroccarbons and mied aromatic cycloalicanes (oycoalanoaramatics). Maost commercial gasails contzin
polycydic aromatic compounds (PACS). In straight-run gasodl companents thess ane mainly 2 and 3-ring
compounds; with relatively low concentrations of 4 to &-ring PAC'. The use of heavier stmospheric, vacuum or
cracked gasedl companents is likely to result in an increase in the content of 4 to 6-ing PAC's, some of which are
known to be cardnegenic.

Skin exposure to diesel fusl will remove natural fat from the skin; repeated or prolonged expasure can result in
drying and eracking, iritation and dermatitis. Bxcessive exposure under conditions af poor parsonal hygiene
may lead to oil acne and folliculitis. A sesious potential health hazard related to diesel fuel utiliztion concerns
the passible risk of skin cancer under conditions of prolenged and repestad skin contact and poor personal
hygiene. No epidemialogical evidence axists for humans, but it has been demonstrated with mice that skin
cancer can result in paint tests with light dizsel oil and gasoils irrespective of the percentage of PACS present.
This effect is duws to (chronic) imitation of the skin. The diesel fusls/gasols that contain cracdked mmponents
may also be genotaxic because of high proportions of 3-7 ring PACS and their carcinegenicity may be much
greater. Diesel fuels may contain 10% [w] or more FACS.

Highly refined minaral il Highly refined minesal oils are of low acute towicity and are not initating or sensitizing. Data available indicate
that highly refined mineral vils are not matagenic, candnagenic or repratoic.

Synthetic paraffin Synithetic paraffins are of low acute toxicity. Data show that synthetic paraffins are not initating or sensitizing.
Based on their compaosition, synthetic paraffins are not expected to be mutagenic, cardnogenic or reprotocc

Linear alpha alefins Based on screening level tests, slpha olefins are of low taxicity upon aoute oral, dermal and inhalstion exposure.

Alpha alefins are slightly imitating to the skin and eyes of rabbits. In repeated dose studées alpha olefins of
differant chain length have shown comparable bevels of low toxicty to female rats and male rat-specific kidney
damage that s likely ssocisted with the alphau-globulin protein. Based on scraening level testing, alpha
olefins appear ot to be neurctouic, produce no adverse effects on reproduction or fostal development, and are
not gengtoxic. As a result, 2l the abowe tested endpoints indicate 2 bow hazard potential for human health.

Internal alefins Olefins (alkenes) ranging in carbon number from CE to (24, alpha linear) and internal {linear and branched)
demonstrate low acute taxicity by the oral, inhalation and dermal routes of exposure. Repeated-dose studies,
using the inhalation (& zlpha), dermal (C12-C16), or oral (C6 dlpha and intemnal linear/branched; C8 and C14
alphz; and C16, C18 and C20-C24 intaral linear/branched) routes of expasure, have shown cmparable levels
of low toxicity in rats. Based on evidence from neurotanicity scraens induded in repasted dose studies, internal
olefins are not newrotaxic. Based on evidence from reproductive/developmental taxidty soreens in rats intemal
olefins are niot expacted to cause reproductive or developmental tocity. Based on the weight of svidence
alpha and intemal alefins are not genatosic. No cardnagenicity tests have been conducted on alpha or internal
olefins; however, there are no structural alerts indicating a potential for candinogenidty in humans. These
materials are not eye irritants or skin sensitizers. Pralonged exposurs of the skin for mary hours may cause skin
irritation. The weight of evidence indicates alpha and internal ol=fins with carbon numbers between 08 and 24
have a similar and bow level of mamaalian toudcity, and the towicity profile & not affected by changes in the
loeztion of the doubls band or the addition of branching to the structurs.

continued ...




Drilling flulds and health risk management
A guide for drilling personnel managers and health professionals in the oil and gas industry

Appendix 8: Detailed health hazard information on drilling flusd components

Table 1: Health hazards of drilling fluid components (continued)

Human health hazard

Paly alpha olefin (PAD)

Paly alpha lefins are of bow acute taxiity and are not irmitating to eye and skin.

[Esters

Dtz on C8-C16 fatty acid 2-athyl hexanal ester indicate that this ester is of bow oral aoute toxicty. In an acute
skin irritation test in rabbits, minimal skin iritation was ohsenved. The ester is nat primarily eye imitant.

The ester was non-genotoxic in a miconudets test. Results from an oral repeated dose study in rats indicate
that the ester is not toxic at up to 1000 mg/ka.

Water

Fresh water

Fresh water is generally considered to be nat hazardous to human health.

Sea water

Seawater has 2 low hazand potential for human health upon inhalation and dermal exposure.

Brine {see salts)

SeaTable 2 in Appendix 6, and below (osmotic—sals)

Osmotic—salts

Calcium chloride (Cadl,)

The acute oral and dermal tmscity of caloum chlaride i low. The acute oral toxcity is attributed to the severe
imitating property of the original substance or its high-concentration solutions to the gastrointestinal tract. In
humans, howeves, acute oral towicity s rare because large single doses induce nausea and vomiting.
Irritatian/comosiveniess studies indicate that caldium chloside is not/slightly initating to skin but severely
imitating to eyes of rabbits. Prolonged exposure and application of moistened material or concentrated
solutions resulted in corsiderable skin Evitation. The imitating effect of the substance was ohserved in human
skin injuries caused by incidental contact with the substance or its high-concentration solutions. A lmited oral
repeated dose toxicity study shows no adverse effect of calcium dhloride on rats fed on 1000-2000 mg/kg
bwiday for 12 months. Calcium and dhlonde are both essential nutrients for humans and a daily intalke of more
than 1000 mg each of the ions is recommended. Genetic taxicity of calcium chloride was negative in the
bacterial mutation tests and the mammalian chromeosome aberration test. No reproductive taxicity study has
been raportad. A developmental toicity study reveals no toxic effects on dams or fetuses at doses up to

189 mgg bw/day (mice), 176 ma/kg bwiday irats) and 169 mgvkg bw/day (rabbits). tfrom: SIDS. Screening
Informaticn Data Set for High Production Volume Chemicals. (2005]).

Patassium chbaride (KCT)

Patassmm chloride is an essential constituent of the body for intracellular osmatic pressure and bufferng, cell
permeability, acid-base balance, muscle contraction and nerve function. Aoute aral toxicity of KOl in mammals is
low. In humans, acute oral taxicity is rare because large single doses induce nzusea and vomiting, and because
Kl is rapidly excreted in the absence of any pra-existing kidney damage. The toddity upan repeated dose
exposure is bow. A threshold concentration for skin initancy of 60 % was seen when K0 in aqueous solution was
in contact with skin of human walunteers. The threshold concentration when applied to broken skin was 5% Mo
gens mutations wera reparted in bacterial tests, with and without metabalic activation. However, high
concentrations of KOl showed pasitive results in a range of genatosic soreening assays using mammalian cells in
cufture. The action of KCl in culture seems to be an indirect effect associsted with an incoreased asmeatic pressure
and concentration. Mo evidence of treatment -related carcinogenicity was observed in rats administered up to
1,820 mg KClikg body weight day through the food in a twio-year study. A developmental study revealed no
foetotodc or teratogenic effects of KOl in doses up to 235 mgvkg/day (mice) and 310 mg/ko/day (rats). Gastro-
intestingl iitant effects in humans caused by KO administrated orally have been reported st doses from about
31 mgrkg bew/day. One epidemiclogical investigation among potash miners disdosed no evidence of
predispasition of underground miners to any of the diseases evaluated, induding lung cancer. (from: SIDS.
Screening Information Data Set for High Production Valume Chemicals. [2004]).

Sodivm chloride (NaCl)

Sodium charida is an essential nutrient for the normal functioning of the body. it is important for nerve
conduction, musdee contraction, comedt osmedic balance of extra celludar fluid and the absorption of other
nutrients. Although rare, acute toxicity may be caused by ingestion of 500~ 1,000 mg sodium chloride/kg body
weight. Symptoms include vomiting, ulceration of the gastrointesting| tract, muscle weakness and renal
damage, leading to dehydration, metabolic acidosis and severs peripheral and central newral effects. Long-term
effects of high (=€ g/dayl dietary sodium chlonide include the development of hypertension, and may increase
the risk of kidney stone formation and left ventricular hypertrophy. In rodents, extremely high dases of sodium
chioride during pregnancy caused musculoskeletal abnommalities, foetotoicity and foetal death and post-
implantation martality and abortion. Sodéum chloride has been demonstrated to be a gastric tumour promoter

confinued ...

]
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Appendix 8 Detailed frealth hazard iaformation on dnllimg fid components

Table 1: Health hazards of drilling fiuid components (continued)

‘(omponant Human health hazand
In experimental animals and high sodium didoride intakes Fave been assodated with incdence of stomach
«ancer In human populations with iraditional diets of highly concendrated, salted foods. (Expert Group on
‘Vitamins and Minerals (2003, waw.food.gov.ulsden ce/ouradvisors/tand min esmpapers |

Zing bromide: (Znsr,] Zinc bromide Inhalation @n cause s=vere Imftation of muwoous membranes and upper respi@tony tact.

‘Sympioms may incude burming sensation, coughing, wheezing, laryngits. shormess of beeath, headache,
nausea znd womiting. High concentrations may cawse lung damage. Ingestion of Anc bromide czn cause sevese
bums of the mouth, thioat, and stomach. Can cause scee throat, vomiting and diarhoea Ingestions ze wswally
proeptly rejectad by vomiting, but suffidient absorpticn may occur to peoduce central nervous system, eye and
brain effects Symptoms may indude skin rash, biured vislon and other eye effects, drowsiness, imtabillty,
dizziness, manla, halludrations, 2nd coma.

‘Canrses sevene siin Imitation with redness, itching and pain. May cause burs, espectally if skin |5 wet or moist.
Can cause severe eye Imitation or bums with eye damage.

Repeated of prolonged exposure by any route may cause skin rmshes bromadermal Repeated Ingestion of
small amounts may cause central nervous system depression, Induding depression, ataxla, psychoses, memory
loss, iritability and headache.

Calclum bromide |CaBr;)

‘Calchum bromide brine s a highly concentrated aqueous solution of clcem bromide and calidum chioride. It i
used extensively In the ofl ndustry. This solution and Its components are recognized 25 cuses of skin inpury and
Information ks zwallable from the manufaciurers on thelr safie use and handling. Two patients who were Injured
Tollowing unpeotecied skin exposure to this solution and one patient who was injured following expasure fo
calclum chioride powder are reported. All sustained skin Injurles characterized by an absence of pain 2nd a
delayed dinical appearance of the full extent of the Injury. Furthermore hezling was compliczbed by grait loss or
was siow_ Although organic Eromine compounds 2re remgnized 25 3 cause of skin Injuries, no presious repors of
such Injuries to humans secondary fo calclam chloride or bromide esposure were found In the medical
Inerature. Dur esperience with these patients s described (Sased o o, Burrs; 23 (7-872 1557, £34-637)

‘Sodim bromids (NaBry

‘Sodium bromide is of low acute oral bowdcity. Sodium bromiide 15 expected to be a sight to moderate eye
Inftant. Repeated or prolonged skin tontact may cause irttation and superfictal bums. Avallable data ndicte
‘that sodium bromida may act 25 a teratogen (behaviowral effacts).

Sodium formate (NaCDOH]

Sodium formate bs of low acute oral toxdcty [LD30 oral rat > 3000 mgkg). Data show that sodium formate s
shigintly Imnating to the eye. Based on read-across from cagsium formate, sodium farmate s expected to be:
shigivthy Imttating to skin. Sodium formate s not expected to be 2 skin sensitizer. Sodium formate 2t 1% In
drinking water did not prodiuce dinlcally adverse effects In rats after administration for approximately

18 months Sodium formate ks not genotodc i Wiro or i vive. Based on read-acoss with clicum fomate,
sodium formate s not expected o be raprotoxc of cncinogenic.

Potasshum formate (KOOOH]

Pofasshen fomabe s of low acute oral bty (LDS0 oral mouse 5500 myrkg). Data show that potassium
Tormate |5 shghtly Iritating bo the eye. Based on read-across from caesium formate, potzssium formate &
expecied to be siightly ritzting to skin. Potasskum fomate Is ot expected to be a skin sensitizer. Repeated-
dse toicity bests are not avallable; however, the metzbolite formic add did not cuse significant toxddty bo s
wihen administersd in thelr drinking water at 0.5 and 1% for 2 to 27 wesks. Based on read-across with caldum
formate, potassium formate 1s not expected 1o be reprotosdc of carTinogenic

‘Caesium fiormate (CSCO0H]

Caestum formate salution (83%) ks harmiful upon ingestion (LDg, = 1780 mygjfgy in rats), with chinical signs

Ine dep comvulsions, ' distress, atada, and excessive salivation. Caesium famate
manohydrate had low desmal (LS50 2000 markg) towicty in rats, with signs of erythema noted 2t stes of
application. Caesium formate solution [83%] was a slight skin lmitant and a moderate eye Imftant. Aqueous
caestum formata BO% W) Was not ssnsitrng to quinea mos In a Bushler tes. Repeated-tose boxicity tests ar
not available: however, the metzbolte formic 2cid did mat cause significant fomdty to rats when adminisieed
In theedr driniing water 3t 0.5 and 1% for 2 fo 27 wesks. The caesium cation |5 not expected to produce
significart cheonic tosddty. Caeslum formate was not mutagenic in diffeent in it assays. (Hational Industrial
Chemicaks Motfication and Assessment Scheme (NICHAS), Australlz, 2001)
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Table 1: Health hazards of drilling fluid components (continved)

(omponent Human health hazand
Density (welghting agents|
Bartte [Barlum sulphate) ‘Studles In rats wsing 2 sobuble salt (barium chloride) Bizve Indlcated that the absorbed barlum lons are

distributed via the blood and deposited primarily In the skeleton. The prindpal route of elimination for barfum
Tollowing oral, inhalztion, or Intratracheal adminlstration 15 in the faeces. Following Introduction Into the
respiratory tract, the appearance of barfum sulphate In the faeces represenits mucocliary dearance from the
lungs and subseguent Ingestion. In humans, Ingestion of high levels of soluble barium compounds may cause
gastroentesitis (womiting, diarhoez, abdominal pain), hypapotassaemiz, hypertension, candlac arrhythenias, and
sheletal muscle paralysis. Insoluble barlum sulphate has been extensively used 2t large doses (450 g as an ol
radioconirast medium, and no adverse systemic effects Fave been reporied. No experimental data are vallable
on bartum sulphate; howesver, due to the Imited absomption of barium sulphate from the gastrointestinal tract
or skin, It b5 unkikely that any significant systemic effects would accur. The aoute aral tocity of barum
‘mmpaounds In eperimental animals 15 sight to moderate. Barlum nifrate caused mild skin initztion and s2vere
qenuﬂmhnhbh_mhdnfmpmunfskmue’nmﬂmlnhmgdsptensu‘ldqmdm&
suggests that barum sulphate, often wsed as 3 contrast medium, is not a strong irftant. Long-temm studies of
barium expose In l#boratory animals have not confirmed the blood pressure, cardiac, and skeletal muscle
effects saan in humars and labarstory animals orally exposed to acutely high levels. Inhalation exposure of
humans to Insoluble forms of barum results In radiological findings of barfiosls, without evidence of altersd
lung function and pathology. Animal studies invohing respiratary tract irstillation of barium suiphzte have
shown Inflammatory respanses and granuloma formation In the lungs; this would be expecied with exposure
‘o substantizl amounts of any low-solubilry dust, lzading 1o 2 change In lung dearance and subsequently to
lung effects. Currerly available data indicate that bartum does not appear to be  reprodiuctive of
developmental hazard. Barium was not carcinogenic in standaed Mational Toxlcology Program rodent bloassays.
In witre data Indicate that barkum compounds hawe no mutagenic potential The oitical end-points In humans
Tor toxicity resulting from expesure to barium and barium compounds appear to be fypertension znd reral
function. The NMOAEL in Fumare 15 021 mg barium kg body welght per day.

|wwinchemong idocumen s/ cdcads/ rads/cicad33 him, Concse International Chemical Assessment
Document 33, Barkem and barium compounds )

Calchum carbonate ‘Aoute effects may Include irftation of skin, eyes, and mucous membranes. Based on an oral LDSA Inrats of
6,450 ma kg, calchum carbonate ks of low oral acute toxkciy. There ks no adequate evidence for 2 amour-
promoting or genotomic action of caldum carbonate. Effects on regroduction have not been shown. High
dietary levels Inducing matemal toxkcity resuited In decreased fotal weights and delayed sheletal and dental
cakHicition In rats and/or mikce. There may bea silicosis risk in using Impure lImestons or chalk contalning
|3-20%] quartz. Mo adverss health effiacts have been reported in the literabue among workess using calidum
carbonate. High oral doses did not produce systemic baxlcity In laboratory animals.

[Health Councll of The Methertands, 2003, ciclem carbonate.)

Iron carbonate Mnst data from Irem compounds are derved from read-across with the fiemous salt iron sulphate. Femous
sulphate hias a low to moderate scute todclty with 3 LD5 (rat) of 319-1,480 mg/ky. As femous sulphate & used
In humans for the treament of anaemila, human data are akso avallable These Indicate that the human D50
In the range of 42-1,600 mogskg Fatal doses are assodated with gastric Injury. mitation data ase scance and
Indicate that ferrous suiphzte may be irtating to skin and eyes. Fetous sulphate & not 2 sensitizer,
‘Genaiond dty data an femous sulphate are ambiguows. However, the owerall weight of evddence from

studies shows that fierous sulphate s not genctoslc. Carrinogenicity s nat expected. Famous
sulphate Is not 2 reprotoxicant. A study In calves fed up to 4000 ppen fermous carbonate In diet shows that the
calves were not affected. The tolerance for ferrous carbonate was higher than for fermus sulphate.

Hemathe There are Ittle dzta on hematibe (or Fe,0) avallable The acube oral baxiclty LDSD (rat) for Fe 0y Is grester than
10g/kg. Upon eye contact some mechanical eye Irmtation may occur (dust). A caranagenicry study In miners
shows that haematite mining weth low-grade expasure toradon daughters and silica dust was not asaclated
‘with esxcess lung cancer in a refatively large cohort.

Imenne There 28 ni boocity data available for lmenite, or on ttanium oxide. 1t 15 expected that iimenite Is of low
‘tosficity. These are m known hazards resulting from acoidental Ingestion of Bmenite sand as may oocur during
normal handiing. Swallowing 2 lzege ameunt may result In iritation bo the digestive system due o bmsveness.
limenite dust may cause mechanicl inftation of the eye imenite dust is regarded as general nulsance dust, but
«an be Irizting i inhaled at high conceniration. May cause symptoms such as coughing or sneering.
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Appendiz 8 Detailed health hazard iaformation on drlling fluid cmmponents

Table 1: Health hazards of drilling fluid components (continved)

(ompanent

Human health hazard

Manganese tetromide

Mznganese tetraouide 15 of kow acute towclty. Ming0,, Is not a skin Irfant, nor a sensitizer. Min,0), dust may
cause some mechanical imitation bo the eye. Results from a repeated dose study In monkeys and rats exposed
116, 1125 and 1,152 ju Mny 25 Mn; 0 2enosol 24 hyday for 9 months, show no exposure related effects on
pulmonary function, limb tremar or gleciromyographic acthvity.

There are several reports about manganese oty a5 2 result of exposure to fumesapour fom slzmental

and by of py [MnOy). Lomg-term Inbialation (years) of mznganese oxldes may
cause chionlc manganess Intaxkcation afizcting the central nerwous system, potentially leading bo extenshe:
disablement. Health risk of M, [widely described In Iterabure] may be difflesent from that of Mng, M0y, and
Mn,0, The differences In oddation states of the element Min In these oapounds may affect their
biozwailabilty and distribution and thes their potentlal efects:

Bentonite (or other days)

An impartant determinant of the toxdty of benboniie and other days Is the cortent of guartz (SI0,). Expasure
o quariz Is causally redated to silicosis and bung cancer Statistically signifint Inceases in the inddence of or
martality fom cheonic bronchitls 2nd pulmonzry emphysama have been reporied after exposure to quartz.

Sngle Infratracheal Injection Inbo rodents of benbonite and montmorilonite with low content of quartz
produced dose- and partiche stee-dependent cytotoxic effects, as well as translient local inflammation, the signs
of which Inchuded oedema and, consaquently, Increased lung welight. Single imratrachazl exposures of rats 1o
bentonite produced storage fod In the lungs 3-12 months lzer. After Intratracheal exposure of rats to
bentorite with 2 high quartr content, fibnosis was also observed. B2ntonite increzsed the susceptibility of mice
i puimonary Infection. No adequate studies are avallzble on the cardnogenicty of bentonite. Long-term
occupational exposures bo bentonite dust may cuse structural and functional damage to the lungs. However,
awailable data are Inadequate to concusively establish 2 dose-response relatlonship or even a cuse-and-effect
relztionship due io limited Information on period and intensity of expesure 2nd to confiounding factors, such as
exposure b silica and tobaoco smoke. (Envirommentil Health Crter, Yol 231 (2006) 159 p)

mgimplllcdqlmmulnm

In general, the aoute todidty of organophilic days s low. Some ceganophillic days are used In mametics. Data

attapulgite, hectorte) on  hectortz day show that the day is of low aoute and repeated dose toxicty. The day 1s not  stin or eye
iz, mor 2 skin sensittzer in dust form the hectortte day may case mechnical eye ImEation. Data indicat:
that the hectorie clay s not genoloxic. Data on reprofoxidty and cardnogenicty are not available.
Chedk the MEDS for the compound-spectfic infomation.

Blopolymers The biopolymers used are generally low toxicity compounds. Some of these blopolymess aee also wsed as food
additive. Check the MSDS for the com pound-specfic Information.

Carboxymetinyl callubose Carbosymethyl celiulose ks of low towicty. Carborymethyl cellulose & zop for and wsed a5 food addiiive.
(WD Food Adeittives Sarfes, Vol. 42 (1999 pp 175-9)

Polyaniani cellulose Cellulose compeunds are generally low toacty compounds. Some of these calluloss compounds e also used
25 fiood additive. Check the M50 for the compound-spectilc Information. [WHO Food Additives Seres, Vol 40
{1998 pp 55~78; and WHID Food Additives Series Vol, 42 (1999 pp 175-5)

Guar gum |pelysacdaride) Guar gum ks a low towiaty compound, commenly wsed 25 food addnmve. Allergic rhinits following repeated
Inhalation exposwe to guar gum dust has been reported. (Lagler ef al, 1990, 1 Allergy Clin Immun, 8514)
p. TB5-790; Kanena ﬂ‘d,ﬁﬁ,ﬂ‘rll!‘g'y,w:il p245-352)

Emulsifiers

Soaps Sen Table 2 Several emulsifiers may Imitate skin andfor e and may be hiarmful by Inhalztion ar If swallowed.
Check the MEDS for the mmpound-spectiic infomation.

Amines: See Table 2 Several emulsifiers may Imitzte skin andror eye and may be hzemfil by nhalztion or if swallowed.
Check the MEDS for the mmpound-spectiic iInfomation.

imidazolines e Table 2. Several emulsifiers may imitate sian 2ndvor eye and may be harmfil by mhalation or If swalowed.
Check the MEDS for the mmpound-spectiic iInfomation.

Polyamides S Table 2 Several emulsifiers may Imitate siin 2ndior eye and may be harmful by inhalation ar If swalowed.

Check the MEDS for the mmpound-spectiic iInfomation.




Drilling fluids and health risk management
A puide for drilling pasonnd monapers and health professionals in the oil and gas indusiry

Appendix 8 Detailed frealth hazard iaformation on dnllimg fid components

Table 1: Health hazards of drilling fiuid components (continued)

Human health hazand

Modified polyacrylztes s 2 general term for several specific polyacrylates each having compound-specific
‘toxkcobogical properties. Check the MSDS for the compound-specfic information.

Lignasdiphonates are complex pofymers with a bread range of molecular mass and are destved from trees. The
woad from tress s composed mainly of theee components—ocellulose, hemiceliolose and lignin. in the suiptne
pulping process, the lignins are sulphonated so they become water soluble and ths can be separated from the:
Insolutie cellubse. & review of avallzble toxcity data on several ligrosuiphonzies by the US EPA Indicated that
ligriosulphonates are: of very low toxcity (ww.epa.gov [Federal Register: February 16, 2005 (Volume 70,
Humber 31}}). The oral acute LO50 walues a5e all greater than 2 g/kg Repeated dose studies Indicate: MOAELS
and LOKELs In the onder of magnitude of g/kg/day. There ks some (ursubstaniiated) Information that
lignosulphonates given 1o s befors, during, and after mating 2t doses 2s high as 1,500 mg/kgeday did not
cause adverse effiects an reproduction o offspring. But at a dose level of 500 mgyhgsday there wese
histopatiwiagical changes in the lymph nodes of the mothers. These wese no concems Identified for the
mutagenicity of carcinogenicity of lignesphonates. Based on the physicl/chemical properties, and
particularty on the large molecular weights of the lignosulphonates. lignosulphorates ae ot liely o be
alrsorbed via 2y route of exposure. The only health effects of conem upon exposure to lignosulphonates are
Infitztion of skin, eyes and respiratory system. For some lignosulphonates contact allengy has been reported
|Andersson et al, 1580; Contact Dermatitls 6(5) 354-355). The texldty depends on the type and stze of the
lignasuiphonate. Check the MSDS for the compound-spedfic iInformation.

Tannins

Tannins are: potyphenols dertved from plants. Due to thelr ublquitous presence In food they hiave been subject
«of mamy bowicity studles. Ingeneral, tannins 20 of low acute todcity. Tannins in food have been zsodated with
several benefidal and adverse health effects (Chang et ol, 1998 Crit Rev Food Sd Mutr 3206): 421-64). IARC fas
evaluzted tammic add and tannins and conduded that although tannins were cetinogenic In 2nimals upan
suboutaneos Injection, no epldemiclogical evidence In bumans was avallible to evaluate thelr todidty In
humans. JARC Monographs on the Evaiuation of the Caranogenic Risk of Chemicals o Man: Same Natually
Ooruwring Sebstances, Wol. 10, pages 353-262). Chedk the MEDS for the mmpound-spectil: information.

Fluid loss

Synthetic polymess

Chack the MSDS for the cmpound-spectiic infomation.

Carboarymetind celulliose

See shove (Viscoslty)

Folyanionk callulcse

See shove (viscosty)

Starch

‘Starch I5 2 low toxlcity compound, commanly used 25 food addithe.

Sze zhove (Miscosty)

Modified lignites

Modified lignites are dertved from brown coal. The towdty mainly depends on the modification. Chedk the
w506 for the compound-spectfic information.

Asphalt

Asphalt, mone commanty referred to 25 bitumen in Europs, Is a dark brown to black, cement-like semisolid or
s0lid or viscous liquid produced by the non-destnuctive distilation of crude ofl during petroleum refining. When
asphialts are heated, vapours aee released; 25 these vapours cool, they condense. As sudh, these vapours are
enmiched In the more volatile components present In the asphalt and would be expected to be dhemically and
potentlally toslcologically distint from the parent materal. Asphalt Its=if Is considered to be of low towcty.
Asphialt fumes are the doud of small partides meated by condersation from the gasems state after
wolatilizztion of sphalt. Symptoms zssoctated with asphalt fume expasure are eye, nose, and throat Imitation
and coughing. These health effects appear o be mild in severity and trarsient In natwe Additional symptoms
Include skin Inftation, prurtus, rashes, nauses, somach pain, decrezsed appetite, headaches, and fatique, as
reportad by workers imvolved In paving operations, insulation of cables, and the manufacture of fluorescent
Digit fixtures. Asphalt fumes and vapours may be absorbed following inhalztion and dermal exposure. Resulis
of several i wimo manageniciy studies on asphalt fumes are ambiguows. Results of Grtnogenicity studiss
Indicate that some zsphalt fume condensates can cuse fumaours when zgplisd dermally to mice. A meta-
arulysis of 20 epidemiclogical studles falled to find overall evidence fr 2 lung cancer risk amang pavers and
highway maintenance workers exposed to asphalt. Undes various performance specifications, it s likety that
asphalt fumes contaln cednogenic substances.

| Concise intermationai Chemica! Asssssment Document (CCAD] Vol 59 (2004])
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Table 1: Health hazards of drilling fluid components (continved)

(omponent Human health hazand

Resrs ‘There are several types of resins, both naturally derved and synthetic The toxicological properties vary. Some
resins have been asspdated with siin imitation 2nd allesgic contact dermatitts. Check the MSDS for the
compound-speciic Information.

Gisonitz ‘Gisonite 15 2 form of natural asphalt found In lzrge amaunts In the Lintzh Basin of Uitah. Workers can be

emposad to the dust of gllsonie and to the fumes of gil sonite when heating or bolling the material Gisonite
dust may cause mechanical eye imitztion, while the fumes may be imtating by the eyes and respirztory system
IFairhall {1950} indusirial Hyglene Newsietter, 10{5}: 9-10].

Industrizl hygiene characterttions were performed by NIOSH at threa gilsonit= mills and nine gisonit2 mining
‘nperations bo measure ocrupational exposure bo gilsonits and fs consttuents 2nd toevakuate potential health
dﬁmmlmnaut,mndmm.JUM| S08): 413415 Stw out of seven bulk gilsonite samples had
rystalline silica contents below 0.75% wit., no asbestos or other filbrous mineral compounds were detected In
bulk samples from five: diffenent weins of gisonite, 2nd polynudezr aromatic hydr crbons were not detecied In
arty bulk samples. The zuthors conclude that the gilsonit= dust exposure data are consistent with results of an
earber respiratory health survey of gilsonite workers in which the most defintive finding was an excess
preaﬂmufbrmdmcsgmm

{? (Keimiy af al, Am.J ind Me [19871; 113} 257-296) showed that Increzsed
ough and phlegm were found In workers with high-exposure jobs, bat no evidence for dust-

Mwhmmmmmmm

Salts Sen ghorve (smitic—salts)

Giyroks |polygiycols) ethers and have differant toxlctties. Pobygiycols are generaly of low toxichy. Check
ﬂlenstgﬁlmecmmlpvzﬂmmm gty

Slkcate Thee maost commanky wsed silicates in drilling fulds zre potassium silicte and sodium sllicate These Ingrediznts
combine metal cations {potassium or sodium) with silica to fom Inonganic salts. Sodium stlicate administersd
wrally acts a5 2 mild alkall and b readiy absorbed from the alimentary canal and excreted In the urine. The
‘tawbcity of silicates has been refated to the molar ratio of 510,/Na 0 and the concentration. Potasslum and
sodium siicates have a low bo maderate anute towclty. Rats orally administered 44 mg/kg of 2 30% solution
containing efther 2.0 o 2 4 ratio to 1.0 bl of sodium cekde showed no signs of towcity, whereas doses of
1,200 2nd 2150 mgykq prodiuced gasping, dypsnea, and acute depression. A cse report describes that
neutralized sodium siicate produced vomiting, diarrhea, and gastrointestinal bleeding in human.

Diesmal Imftation of potassium silizte and sodlum siliczie ranged from negligible to severs, depending on the
species tested and e molar ratko and ooncentration tested. Potassium Sllcite was non-irmtating In bao acute
eyedrmtation studies In rabbits. Sodium silicate was 2 severe eye Iitant in acute eye Inftation shudies. A skin
freshener (10% of 2 40% aqueas solution] contalning sodium siicate was non-imtating Sodium silcate In
anither three eye Irftation sbudies was highly Imitating, irrtating. and nonimftzting, vedy. Detesgents
ontaning 7%, 13%, and 6% sodium siliczte mixed 50/50 weth water wese negligible skin imtants to intact and
doraded human skin. A 10% of a 40% aqueous solution of sodium sllcate was negathe In a repeat-Insult
predictive paich test in humans, The same aquecas splution of sodium silicate was considered mild under
noma use conditions In & shady of cumulative rrtant properties. Sodium slicate tested In elbow crease studles
ad patch tests, produced low grade and fransient imitation.

Repeated dis stwdies In Bzagles and rats showed ro overt signs of ooty

Sodium sillcate was non-mutagenk: in a standand bactertal assay. Repeobacichty studies with sodium silicate In
rais showed some effects on the number of offspring 2t high doses but no effects on male i fertillty.
{int J Tosieal Vol 24 Suppl. 1 (2005) pp 103-7)

Polyamrylzmides (partially hydrolysed) ‘There are various diffarent types of polyzcrlamides. Check the MSOS for the compaund-specdfic Information.
PH control

Sodiam hydroxide (MaoH) Sadium brydrowdde s 3 skin and eye comostve. In a buman +-hour patch test, sodium Erydroodde (0.55%) was 2 wery
lear skin Iritant. imtation of the nose, throat, or eyes was observed In workers engaged In cleaning operatiors
and In a small numbser of wsers of an oven spray. Ingestion might be fatal, as 2 result of, e, shodk. Infection of
‘the cormoded tissues, pulmonary necrosks, or asphyxda. No Indezse in mortality in relation fo duration or
Intensity of exposure to caustic dust was found In 2 group of 265 workers for periods ranging from less than

' year io up to 30 years. [Health Council of The Metherlands, 2000, sodium bydroxide]
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Table 1: Health hazards of drilling fluid components (continoed)

Componert Human health hazard

Potasshum Fydnoxide (KDE] Potasshum Fydrosdde Is 2 skin and eye comosive. Following Ingestion of (2 solution of) potasskum Frydroxide,
rapid comosion znd perforation of the oesopfagus and stomadh, stricture of the sesophagus, violent pain in
ozt and epigastrium, haematemesks, and collapse may occur. When infaled in any form, potassium hydeodde
ks strongly Irikating o the upper respiratony tract. Aute exposures may cause sympboms in the respiratory tract
Including severe coughing and pain. AddRionally, lesions may develop dlong with buning of the mucous
membrznas. infalation may be fatal as a result of spasm, infammation, and oedema of the L‘I‘F[l]'ldlﬂtlﬂll,
chemical pneumonitls, and pulmenary oedema (which can develop with a lztency pesiod of 572 hours).
(Chronikc expasures may cause Inflammatory and ulcerative changes In the mouth and possibly bronchial and
gastrointestingl disorders. It bas been reported that 10% of workers exposed to KOH during the peoduction of
ascorbic acld developed allesgic dematitis At least one @se of cesophageal andnoma at the site of bydrodde-
Induced strichures fas been reported. In mice, repeated applications of aqueous solutions (3-6%) of KOH to the
‘skin fior 44 wessks resulted In 2n Increasad Incid ence of skin bumours. Since tumourigenesks was assodzted with
‘sewere skin damage Induang marked epidermal byperplasia, 2 non-genatoc mechanism s assumed.

{Health Councl of The Methertands, 2004, patasium hydrode)

Calichum Frydioodde (C2(0k),) Lime Acute exp to caldum hydroxide may cause Iritation, zliong with coughing, pain, and possibly burns of
the mucous membranes with, In savere anste exposwes, pulmonary cedema and hypotension with weak and
rapid pulse. Solid calcium hydnowde is comosive bo the eyes and may Guse severe Injury to the skin. These ane
NUMENDS CI5e FEpos on 2ockdental exposures to caldum hydroxde resalting in comeal and sin alkall bams
and caustic ulcers. Generally, these effects are caused by the solid matenal and less commanly or rarely by
solutions. ingestion of alkall i reported to be foll owed by savese pain, womiting fcontaining blood and
desquamated mucosal lining), diarmosa, and oollapss.

Twa epidemiological studies that addressed the assodation between cement-dust exposure and stomach
ancer were corsidened Insufiident 10 rezch any condusions on the assactation between cement dust exposure:
and stomach canier. However, no sdverse effects have been expenienced by long-tem exposed warkess. Oral
LD50 values of approximately 7,300 mo/kg bw were reporied for rats and mice. No adequate repeated-dose
‘towiciy (including cardnogenicity and reproduction tosity) or genotosiciby/mutagenicity studies 2ee avallable.
IHealth Councll of The Methestands, 2004, czichum ydroxdde)

Citric actd Based on many experimen t2l data in animaks and on human experience, ciric acid 15 of low aone toxdty, The
NOAEL fior repeated dosa tocity for s Is 1200 mg/gAd. The major, reversible (subjchronic bowc effects seem
‘o be bmited to changes in biood chemistry and metal absorption fexcretion kinetics. Chric ackd is not suspacted
of baing 3 @rdnagen nor 3 reprobndc of teringenic agent. The MOKEL for reproductive todcty for rats 1s 2500
muykgd. Further, B Is niot mutagenic in wiro and in Wive. Alsa, the sensittring potentlal Is seen 2 low. In
contrast, imitation, In particulas of the eyes but 2iso of the respiratony pathways and the skin, ks the major
‘toxkological hazaed presented by ciric add.

SIDS. Screeming informetion Data et for High Production Wume Chemicais, 2004)

Sodium bicrbonate (NaHCO,) ‘Sodium bicarbonate ks of low acute toxdty. Oral LDS0 values are higher than 4,000 mg/kg bw, and an
Inhzlation stady In rEts using 2 congentration of 474 mg/ Inhalable dust peoduced no dezths. Sedium
bicarbonate is siightty Imiating to the skin and eye of rabbis. There 15 no Indication of any adverse effects of
long-tesm use or exposure via 2y route. In wino bactertal and mammallzn cell tests showed no evidence of
qenotoxic acivity. Sodium bicarbonate s not 2 reprotord cant. Based on the avallable information there are no
Indications that sodium bcarbonate bas cardnagenic effects. Sodium bicarbonzte bas 2 long history of wse In
fned and nomal handiing and use will ot have any adverse affects. Acute oral ingestion of high doses may
result In 2 ruptured stomach due o excesshe gas development. Acute or dheonic excesshve oral Ingestion may
cause meetaholic alhlnss,qmaml hypematraemia. These conditions ase usually reversiblz, and will not
cause adverse effects. (SIS, Soreeming Awfvmation Dato Set for High Procirction Wolume Chemics, 2003)

Callclum oodde (Ca0; Duick lime) Dooupational and acoidental exposures have shown caldum cudde to be very Irtating and mrmosive to mucous
membranes, eyes, and moist skin because of locl liberation of heat and debydration of Hasues upon siaking of
the small stze particles and the resulting lialinity of the slaked product (caldum bydracde]. Fatal burms have
besn reporied after mamive sposure. Caldum o de was stated not to be sensiizing In 2n open epiotansous
test Calchom cwlde czn cawse sevese Iritation and mmﬁnq‘amdemhpmia,ladlmﬂm
blursed wision, comeal opacities, ulceration, and perforation 2nd loss of vision. inflammation of the resplratory
passages, Wiceration, perforation of the nasal septum, and preumenia have been atiributed to Infalztion of
calcum mide dust. Workers in lime Gctores for up to 40years have expenenced no il effects from exposure o
limie (Health Councll of The Metheriands, 2006, cldum odds)




Drilling fluids and health risk management
A puide for drilling personnd manggers and bealth professionals in the ol and gas indusiry

Appendiz 8 Detailed health hazard iaformation on drlling fluid cmmponents

(omponent Human hezlth hazand

Wetting agent

Sulphonic acd Sulphonic zckds are 2 dass of anganic ackds which have the tendency to bind to peoteins and carbohydrates. The
salts of suiphonic adds are the sulphonates. The baxidty of sulphonic acids depends on the speciic type.
Sulphonic zckds may be Iritating bo skin and/ior eye. Check the MSDS for the ompound-specific Information.

Amides Amides are fomed ﬁnmlhremnnfatrhnqllndduﬂﬂl an amine and are, compared to amines, very
weak bases, The toaddty of amides depends on the spedific fype. Amides may be imitating to skin and/or eye.
Chek theMEDSs for the compound-spectfic infomation.

Folyamides These are different types of polyamides with 2 different i dty. Check the MSDG for the compound-specific
Information.

Rhe=ological modifier

Fatty acids Fatty acids are aliphatk monocarbowyiic ackds and can be naturally derived (from animal or vegetable fat) or
synithetic (from oil or wax). Fatty acids are generally low bowdcity compounds. Check the MSDS for the
compound-speciic Information.

Pdpn'yhla Sea ahowe (dispersants)

Filtration control

Asphalt See dbowe (fluld loss)

Lignite Sea giowe (fluld boss)

Glsonite Sea abowe (fluld los)

Lubricating agents

Ester olls Chedk the MEDS for the compound-spectfic infomation.

Asphizlts See abowe (fluld loss)

Graphite In humans, the pattwlogical and physiclogical response to Infaled graphite flzke s smilar to that Induced by
nuisznce dusts and cause only trensknt pulmaonary changes. Repeated exposure to very high concentrations
may overwheim the dearance mechanisms of the lung and result In pulmonary damage from the retained
particles In unprotected individuals. Howeer, these lesions elther resoiwe with time or are of imited severity.
Dintver f al_{1993], Gowt Reponts Announcements £ index |GRASH), Isue 06, 3004

Other

Bactericides Chedk the MEDS for the compound-spectfic infomation.

Lot Crrulation Mzteal (CaC0,, graphite, Lost circulation material may form a generc dust harzed. Mechanical imtation to the eyes and respiratory

walnut shells, mica) SYSHE My OO0

Ammonlum bisulphate Amenonium bisulphate In solution |5 kritznt to eyes and skin, and Is irrtating to the respiratory system.

|max 63% 2. soktion) Inhalation of dust can produce Inftation to gasteo-intestingl or respiratory tract, characterized by buming,
sneexing and moghing.

Sodium sulphite {apnmns 50% 2q. solution] Suliphites that enter mammals Wiz Ingestion, Inhalation, or Injection are metaboltzed by sulphite axdase to
sulphate. Sodium sulphite & of low to moderate acute todidty. The oral maouse LOSD | 520 mg/&og. Expasure o
the sesnsol may iritate the upper resplratony tract. A thiee-day exposare of rats to a sodium sulphiie aersol
produced mitd pulmonary edema following exposure to 5 mg/m?, and Irtation of the tracheal eptthelium with
15 mgim?. Batwesn 2% 2nd 55 of ssthmatics are sulphite sensttve. Sodium sulphite may be imtating 1o skin
and eyes. Posithve reaction In human patch tests have been reported. Sodium sulphite s not considered to be
reprotouic; In rats, sodium sulphite heptabydrate at large doses {up bo 3.3 g/kgl produced fetal boxlcty but not
terabogenity. Sodium sulphite was negative In genctowddty studies. IARC mncheded that sodium sulphite &
not dassifiablie [group 3) as to their castinogenicty for humans. (st J Tomiool Vol 22, Suppl. 2 [2008) p. 63-58)

Source: International Petroleum Industry Environmental Conservation Association and
International Oil & Gas Producers report, “Drilling fluids and health risks management: A guide
for drilling personnel, managers and health professionals in the oil and gas industry.” OGP
Report Number 396. 2009.



Table 14. Ranges of inorganic constituents in produced water’

Consfituent List Units Conventional Unconventional
Antimony mgfL nfa MO — 0.005
Aluminum mgfL <050 — 410" 0.005—1.52%°
Arsanic mgfL 0.004 — 151 MD - 0.158 "
Barium mgfL ND — 1740284 0.445— 12559
Benyllium mg/L < 0UD01 — D.0D4 " n'a
Bicarbonate mgfL ND—14.750" 453490317
Boron mgfL ND_ 9537 005 _306°
Bromide mgfL 150 — 1,149*° MD—41.1°
Cadmiuwm mgfL <0005 - 121> MO - 0.076 "
Caleium mg/L MD —74,185" MD —5,530%7
Chigride mg/L 2 -254 923% MD - 52,364 7
Chromium mg/L MD-1.1%° MND -3.71%7
Cobalt mgfL nfa ND = 0.010°
Copper mgiL < 0,002 - 5% 0.001-1.448°¢
Fluaride mgiL nfa 057 -20""
Iren mg/L ND - 1,100 0.001 - 258"°°
Lead mglL 0.002 - 10.2% MND - 0.005°
Lithiirm mgil 3-235%° ND - 1.50°
Magnasium mg/L ND - 46 856" 1.2-9189"
Manganese migiL < 0.004 - 175° ND-311%9
Mereury malL < 0.001 - 0.002° MND -0.014°
Molybdenum mglL nia ND - 0.445°
Mickel malL <0.08-9.2° ND - 0.082°
Nitrogen, ammoniacal (N-NHs) | mg/L 10 - 300° nia
Nitrate (M-ND,) mgiL nia ND - 26.1°
Potassium magi/L 0-14,840" ND —1,100°
Selenium mag/L nia WD - 1.27°
Silver magfL <0001 -7 ND - 0.14°7
Sodium magfL 1-149,836" 97.3-32,013°
Strontiwrm migfl 0.02 — 5,2003° MWD — 4799
Sulfate mgfL ND — 14,900" MD —2,200%7
Tin mgfl MD—-11* n'a
TitaniLm mgfL <0.01-07° nfa
Uranium mgfL nfa MWD — 257
Yanadium mgfL nfa MO — 0290
Zine mgfl 001-35° 0.005—5639°

' ND = nondetect; n'a = dats not available: a = Fille and Evans 1890; b= USEPA 2000; ¢ =
Shepard, Shore et al. 1882 d = Tibbetts, Buchanan et al 1202; & = Cheung, Sanei et al. 200%5; f=
McBeth, Reddy et al. 2003; g = Colorade Ol and Gas Conservation Commission 2010; h = U565

2002,



Table 15. Organic material in produced water from oil operations’

Concentration Range Technique
Constituent Units | Low High | Median (Method)
TOC mg’L MD 1,700 MA L OxidationdIR (USERPA
415.1)
CoD mgL 1,220 MA Redox Titration (USEPA
410.3)
TS5 mg/L 12 1,000 MA, Gravimetric (USEPA 160.2)
Tatal Qil mg/L 2 565 MA, Gravimetric (USEPA 413.1)
Volatiles mglL | 0.39 s MA, GC/MS (USEPA 1624 Rev
B and USEPA 24 & CLP)
Total Polars mg'L 8.7 &00 MA, Flonsil celumn/IR
Phencls mglL | 0.009 23 MA, Silylation GLC/MS
Volatile Fatty mgfL 2 4,900 MA Direct GLC/FID of water
Acids

' WD = below detection limit: NA = nat available,

Table 16. Volatile organics in produced water from gas operations’

Concentration Range Analytical
Constituent Units | Low | High | Median Method Reference
Benzene mgiL MWD a7 MA USEPA Fille, 1992
Method 1624
and 624
Bis (2-chlorethyl) mg/L WD | D.03 MA MA GRI report,
ether 1988
Ethylbenzens migiL MDx 19 MA USEPA GRI report,
Method 1624 | 1988
and 624
Phenal mg/L MO 26 MA MA GRI report,
1985
Toluene mg/L M ar MA USEPA Fille, 1992
Method 1624
and 624
2-Butanone migiL M 0.37 MNA MA GRI report,
19585

! WD = below detection limit; WA = not available.

Source: U.S. Department of Interior Bureau of Reclamation, Reclamation: Managing Water in
the West, Science and Technology Program Report No. 157, “Oil and Gas Produced Water
Management and Beneficial Use in the Western United States,” September 2011.



