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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.
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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 problem:s.

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:

N =

Disclosure of the type and volume of any base fluids.

Disclosure of all chemicals, not just those that are required to be listed on Material
Safety Data Sheets.

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

9.

as a percentage of the trade-name additives that contain the chemicals).

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

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

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

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.

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.!

Y 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.”



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.

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.

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.



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:XIX.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). 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.



@IPIECA

e ey e
pes————

e

Drilling flulds and health risk management
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's. The uss 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 serious potential health hazard related to diesel fuel utilization concemns
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 irespective 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
areater, 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 Synthetic 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 is likely zssocisted with the alpha2u-globulin protein. Based on scraening level testing, alpha
olefins appear nat to be neurctouic, produce na adverse effects on reproduction or foetal development, and are
not gengtoxic. As a result, 2l the abowe tested endpoints indicate 2 bow hazard potential for human health.

Internal olefins Dlefins {alkenes) ranging in carbon number from C& to C24, 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 (5 alpha), dermal (C12-C16), or oral (C6 dlpha and internal linear/branched; C8 and C14
alphz; and C16, C18 and (20024 internal linear/branched) routes of expasure, have shown comparable 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 not expacted to cause reproductive or developmental toxicity. Based on the weight of evidence
alpha and intemal alefins are not genatoxic. Mo cardnagenicity tests have bean conducted on alpha or internal
olefins; however, there are no structural alerts indicating a potential for candinogenicity in humans. These
materials are not eye irritants or skin sensitizers. Prolonged expasure of the skin for many hours may cawse skin
irritation. The weight of evidence indicates alpha and internal ol=fins with carbon numbers between 05 and 24
have a similar and bow level of mamanalian touicity, and the touicity profile & not affected by changes in the
location of the double band or the addition of branching to the structura.

continued ...




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

Appendix 8: Detarled health hazard information on drilling fluid components

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

Human health hazard

Paly alpha olefin (PAD)

Paly alpha alefins are of bow acute toxicity and are not irritating to eye and skin.

[Esters

Data on CE-C16 fatty acid 2-ethyl hexanol ester indicate that this ester is of low oral acute taxiaty, In an acute
skin irritation test i rabbits, minimal skin irtation was ohserved. The ester is nat primarily eye ritant.

The ester was non-genctoc in @ miconudeus test. Results from an oral repested dose study in rats indicate
that the ester is not toc at up to 1000 mg/kg.

Water

Fresh water

Fresh water is generally considered to be not hazardous to human health.

Saa water

Seawater has 2 bow hazard potential for human health upan inhalation and dermal exposure.

Brine (see salts)

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

Osmotic—salts

Calcium chloride Cadl,)

The acute oral and dermal toicity of caldum chloride is low. The acute oral toxicity is attributed to the severe
initating property of the original substance ar its high-concentration sohutions to the gastraintestinal tract. In
humans, however, acute oral towidity is rare bacausa large single doses induce nausea and vomiting.
Irritation/comosiveness studies indicate that caldum chloeide is not/slightly initating to skin but severely
imitating to eyes of rabbits. Prolonged expasurs and application of moistened material or concentratad
solutions rasulted in corsidersble skin iritation. The imitating effect of the substance was observed in human
skin injusies caused by incidental contact with the substance or its high-concentration solutions. A Emited oral
repeated dose toxicity study shows no adverse effect of cakcum dhloride on rats fed on 1000-2000 mg/kg
bwiday for 12 months. Calcium and chloride are both essantial nutrients for humans and a daily intake of more
than 1000 myg each of the ions is recommended. Genetic taxicity of calcium chloride was negative in the
bacterial mutation tests and the mammalian chromosome abamration test. Mo reproductive taxicity study has
been reported. A developmental toxicity study reveals no toxic effects on dams or fetuses st doses up to

189 mayfcg bw/day (mice), 176 ma/kg bw/day {rats) and 163 movka bw/day (rabbits). {from: SIDS. Sereening
Informaticn Data Set for High Production Velume Chemicals. (2005]).

Patassium chiaride (KCT)

Patassium chloride i an essential constituent of the body for intracellular osmatic pressure and buffering, cell
permeability, acid-base balance, musdle contraction and nerve function. Acute oral towicity of KOl in mammals is
low. In humans, acute oral taxicity is rane because large single doses induce nausea and vomiting, and because
¥cl iz rapidly encreted in the absence of any pre-existing kidney damage. The taxiity upon repeated dose
exposwe is baw. A threshodd concentration far skin imitancy of 0 % was seen when KO in aqueous soliution was
in contact with skin of human wohmteers. The threshold concentration when applied to broken skin was 5%. o
gena mutatiens wera reparted in bacterial tests, with and without metabalic activation. Howewer, high
concentrations of KCl showed pasitive results in a range of genatowic screening assays using mammilian cells
cudture. The action of KCl in culture seems to be an indirect effect associated with an inoreased osmatic pressure
and concentration. Ko evidence of treatment -related carcinogenicity was observed in rats administered up to
1,820 mg KClikg body weightiday throwgh the food in a two-year study. A& developmental study revealed no
foetotondc or teratogenic effects of KO in doses up to 235 moyka/day (mice) and 310 mg/ha/day (rats). Gastro-
intestinal iitant effects in humans caused by KO administrated orally have been reported at doses from about
31 moykg bw/day. One epidemiclogical investigation among potash miners disdosed na evidence of
predispasition of underground miners to any of the diseases evaluated, induding lung cancer. (from: SIDS.
Screening nformation Data Set for High Production Volume Chemicals. (2004]).

Sodium chloride Nadl)

Sodium choride is an essential nutrient for the normal functioning of the body. it is important for nerve
conduction, musde contraction, comet osmetic balance of extra callular fluid and the absorption of other
nustrients. Although rare, acute toxicity may be caused by ingestion of 500-1,000 mg sedium chloside/kg body
weight. Symptoms include vomiting, ulceration of the gastrointestinal tract, musde weakness and renal
damage, leading to dehydration, metabolic acidosis and severe peripheral and central newral effects. Long-term
effects of high (-6 g/day} dietary sodium chloride 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, fostatowicity and foetal death and post-
implantation martzlity and abortion. Sodium chloride has been demonstrated to be a gastric tumour promoter

continued ...
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Drilling fluids and health risk management
A puide for dnilling personnd monagers and health professionals in the oil ond gas industry

Appendix 8 Detailed hhealth hazard iformation on drillimg faid components

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

(omponeant Human health hazand

In experimental znimals and high sodium chicride int2kes have been assodated with Incidence of stomach
«cancer In human populations with fraditional diets of Righly concentrated, salted foods. (Expert Group on
‘Vitamins and Minerals (2003), waw.food.gov.ulscen ce'ouradvisorssttand minesmpapers |

Zinc bromide (Znsr.] FInc bromide Inhalation @n cause sevese Imftation of mucous membranes and upper respiratory tad-
‘Sympioms may include buming sensation, coughing, wheezing, laryngis, shartness of beeath, headadhe,
nausea znd womiting. High concentrations mzy cause lung damage. Ingestion of Anc beomide czn cause sevese
bums of the mouth, thioat, and stomach. Can cause scee throat, vomiting and diarhoea Ingestions ae wswally
promply rejected by vomiting, but sufficient absorption may occur to peoduce central nervous sysiem, eye and
brain effects. Sympioms mzy include skin rash, blwred vision and other eye effects, drowsiness, imitabillty,
dizminess, manta, halludrations, and coma.

Causes severs skin Imitation with redness, tchilng and pain. May cause burrs, especially If skin 15 wet or mast.
Can causs severs eye ITILation or bums weth eye damage.

Repeated of prolonged exposure by any route may cuse skin rashes (bromaderma). Repeated Ingestion of
small amounts may cause centrzl nenvous system depeession, Induding depression, ataxk, psychoses, memory
loss, Iritability and headache.

‘Cabcium bromige [CaBry) ‘Calichum bromide brine 15 a highly concentrated aquepus solution of calcium bromide 2nd calidum chioide. It &
used extensively In the ofl Industry. This solution and Its components are recognized 25 causes of skin infory and
Information Is awallable fom the manufacturers on their safe use and handling. Two patlents who were Injured
Tollowing unprotecied skin exposure to this solution and one patient who was injured following expasure o
cakcium chiorids powder are reported. All sustained skin Injuries characterized by an absence of pain 2nd 2
delayed dinical appearance of the full extent of the Injury. Furthermare hezling was compliczbed by grait loss or
was sow_ Although organic bromine compounds 2re reogrized 2s 3 cause of sidn Injuries, no previous reports of
such Injuries to humans secondary 1o calcum chioride or bromide exposure were found In the medical
Inesature. Our experfience with these patients Is desribed. (Sased of o, BUmS; 23 (7-52. 1967, 634-637)

Sodium bromide (NaBr) ‘Sodium bromide Is of low acuie ozl bowdcity. Sodium bromidz Is expected to be a sight to moderate eye
Imitznit. Repeated or prolonged skin contact may cause imftation and superficial bums. Avallable data indicie
‘that sodium bromide may act s a teratogen (behavioural effects).

Sodium formate (MaCOOH) ‘Sodium formate Is of kow acute oral tosiclty (LDS0 oral rat = 3000 mg/kgl. Data show that sodium formate s
shighrly Iritating to the eye Based on read-across from cagsium formate, sodium formate & expected to be:
‘shigirtly Iriiating o skin. Sodium formate s not expected to be 2 skin sensitizer. Sodium formate 2t 1% In
drinking water did not prodiuce dinically adverse effects In rats after administration for approximately

18 months Sodium formate ks not genotoxdc i wiro or in W, Based on read-across with calichum formate,
sodium formate |5 not expected to be reprotoxc or cncdnogenic.

Potasshum formate (KCOO0H] Potasshum fomate s of low acute oral taricity (LS oral mouse 5500 mg/kg). Data show that potassium
Tormate Is shightly Initating bo the eye. Bzsed on read-across from caesium formate, potzssium formate
expecied to be slightly kritzting to skin. Potasskum fomate Is not expecied io be:a skin sansitizer. Repeated-
dose toiclty tests are not avallable; however, the metabolite formic add did not use significant toddty bo rats
when admintstered In thelr drinking waber at 0.5 and 1% for 2 to 27 weeks. Based on read-acrss with caldum
formate, potassium formizte 15 not expected to be reprotomic or cardnogenic

Caesium fiormate (C5C00H] Caestum foemate solution (83%) I harmiul upon Ingestion (LD, = 1780 mg/ky In rats), with cinical signs
Including depression, convulsions, respirztony distress, ataxda, and excessive salivation. Caesium formate
manohydrate had low dermal (LDS0 »2000 ma/kg) bowidty In rats, with signs of erythema noted 2t stes of
application. Caesium formate solution [B3%] was 2 slight skin imtant and a moderate eye imftant. Aqueos
caestum formate (B0% wi'v) was not sensitizing to quinea s In a Buehler test. Repeated-dose toxdcity tests are
nat avallable: however, the metabolite formic acid did not cause sgnificant tomdty to rats when administesed
In thiedr driniing water 3t 0.5 and 1% for 2 10 27 wesks_ The caesium cation |5 not expected o produce
significant cheonic towary. Caesium formate was not mutagenic in diffesent in witne 2ssays. (National industnizl
(Chemicals MotHfication and Assessment Scheme (NICHAS), Australla, 2001
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Appendix 8 Detailed health hazard information on drilling fod componenis

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

Component Human health hazand
Density (welghting agents|
Bartte [Barlum sulphate) ‘Studles In rats wsing 2 soluble salt (barlum chlioride) have Indicated that the absorbed barium lons are

distributed via the blood and deposited primarily In the skeleton. The prindpal route of elimination for barfum
following ofal, Inhalztion, or Intratracheal adminlstration 15 in the faeces. Following Introduction Into the
respiratory tract, the appearance of harium sulphate In the faeces represents mucocifary dearance from the
lungs and subsequent Ingestion. In humans, Ingestion of high levels of soluble barium compounds may cause
q [ g, diarrhoes, abdominal pain], hypopotassaema, hypertension, candlac arhythenias, and
skeletal muscle paratysis. Insoluble barum sulphate s been y used 2t large doses (450 g) as an orl
radioconirast meglum, 2nd no adverse systemic effects Fave been reporied. No experimental data are vallable
on barlum sulphate; however, due to the Imited absorption of barlum sulphate from the gastrointestinal tract
or skin, It Is unkikely that any significnt systemic effects would ocour, The acute oral bosicty of barum
compounts in eperimental animalks s shight to moderate Barum nitrate causad mild stin mitation and savere
e Irmntaton in rbbits. The Lack of reports of skin or aye imtation In humans, despite Its widespread use,
suggests that barum sulphate, often wsed as a contrast medium, (s not a strong irftant. Long-tem: studies of
barum exposwe In lboratory animzls have not confirmed the blood pressure. cardlzc. and skeletal muscle
effects saen in humars and lboratory animals orally exposed to acubely high leves. Inhalation exposure of
humans to Insoluble foems of barium results inradiological findings of barkosts, without evidence of altersd
lung function and pathology. Animal studies Invobing respiratary tract nstillation of barum suiphate have
shown Inflammatory responses and granuloma formation In the lungs; this would be expecied with exposure
‘o substantial amounts of any low-solubility dust, leading to 2 change In lung cearance and subsequently to
lung effects Curresitly avallible data indicate tat barlum does not appear to be a reproductive of
developmental hazard. Banum was not czeinoganic in standaed Mational Toxicology Program rodent bloassays.
In it data Indicate that barkem compounds Fave ni mutagenic patential The mmtical end-points In humans
for bowcity resulting from exposure to barum and barium compounds appesr o be ypertension znd renal
function. The MOWEL In bumars (5 0.21 myg barlumykg body welght per day.

{wwraInchem org ‘documen ts/dicads/drads/clcad 33 him, Concse International Chemical Assessment
Dowment 33, Earkem and barium compounds )

Calichom carbonate Acute effects may Indude iritztion of skin, epes, and mucous membranes. Based on an oral LSO Inrats of
6,450 mg/ky, calchum carbonate ks of low oral acute toxkciy. There ks no adequate evidence for 2 umour-
promoting of genotmc action of caldum carbonate. Effects on reproduction have not been shown. High
dietary leveds Inducding matemal toxbcity resuited In decreased fetal weights and delayed sheletal and dental
cakcHicaition In rats and/or mikce. There may be-a silicosis risk in using Impure limestone or chalk contalning
13-20% ] quartz. Mo adversz health effiects have been reported In the terature among workers using caldum
arbonate. High oral doses did not produce systemic baxicty In laboratory animals.

{Health Councll of The Methertands, 2003, cloum carbonate)

Iron carbonate Mot data from Inon compounds are derved from read-acrss with the fiemos salt ion sulphate. Femos
sulphate has a low to moderate cute toschy with a LDSO (r2t) of 319-1,480 mg/ky. As femus sulphate s ussd
In hiumans for the treament of anaemia, human data are dso available These ndicate that the human LDSD &
In the range of 40-1,600 mgykg. Fatal doses are assodated with gastric Injury. rritation data are scarce and
Indicate that farrous sulphate may be imiating to skin and eyes. Fesous sulphate ks not 2 sensitizer.

‘et oty data an femous sulphate are ambiguows. However. the owerall weight of evidence from
‘genotakkiy studies shows that femous sulphzte i not genctodc. Cetinogenicity ks not expected. Farrous
sulphate Is not 3 reprotoxdcant. A study In calves fed up to 4000 ppen fermous carbonate In diet shows that the
cahies were not 2ffected. The tolerance for ferrous carbonate was higher than for fermous sulphate.

Hemathe There are Ittle data on hematite (or Fe,0y) avallable. The acute oral taxkctty LOSO (rat) for Fe,0; b5 grezter than
10 g/kg. Upen eye contact some mechanical eye irmtation may scour fdust). A cardnagenicity study In miners
shows that haematite mining with low-grade agposure to radon daughters and silica dust was not associzbed
with excess lung cancer In a relatively large cohort.

lmene ‘There aee no bowdcity data available for limeniite, or kon itanium oxide. It Is expected that limenite Is of low
‘toadicity. These are no known hazards resulting from accidental Ingestion of imenite sand as may oocur during
normal handing. Swalkowing 2 lzege amount may result In ITikation to the digestive system due by Zbrashveness.
limerite: dust may cause mechanical imftation of the eye. imenite dust s regarded as general nulsance dust, but
«an be Irizting f Inhaled at high concentration. May czuse symptoms such 2s coughing or sneezing.
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Appendiz 8 Detaled health hazard information on dnlivg flad components

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

Componert

Human health hazard

Mangzanese tetrogde

Manganese tetraoxide I5 of kew acute towclty. Ming0, ks not 2 skin Irant, nor a sensitizer. Miny0, dust may
cause some mechanical imttation bo the eye. Results from a repeated dose study In monkeys and rats eposed
o 118, 1125 and I,152|.|Mni:|snniu‘wmd]#h'chyhﬂmﬁuﬂmwmmr&mddﬁmw
pulmenary function, limk tremor or dleciromyographic acthity.

There are several reports about manganese towidty as 2 result of exposure o fumeapour fom elemental
manganese and bry Inhalation of pyralusite (MnOL). Long-term Inhalation (years) of mznganese oxddes may
cause chronlc manganese Intaxication affacting the central nervous system, potentially leading bo exienshe:
disablement. Health risk of MnG:; (widely described in Itzrabure) mzy be different from that of Mo, Mny0y, 2nd
Mn;0, The differences In axidation states of the element Min in these compounds may 2ffect their
biozwailabilty and distribution and thes their potential efects.

Bentonite (or other days)

AR Important determinant of the toxcty of bentoniie and other clays is the content of quartz (SI0,). Exposune
o quantz Is causally redated to siicesis and lung cancer Statistically significant Increasas in the inddznce of or
martality fom cheonic bromchitls znd pulmonzry emphysama have: been reparted affer exposue to quartz.

=Sngle Infratracheal Infection Into rodents of bentonite and montmarilonite with low content of quarz
produced dose- 2nd partice stee-dependant cytotxic efiects, as well as trarsient local inflammiztion, the signs
oFwhich Included cedema and, consequentiy. Increased lung weighit. Single intratrachezl exposures of rats fo
hentonite peoduced storage fod In the lungs 3-12 moniths lzber. After Intratracheal expasure of rts to
bentonite with a high quartr content, fibrosis was also obsarved. Bantonite Increzsed the susceptibility of mice
o pulmaonary Infiectian. Mo adequate studies are avallzhle on the of bentonite. Long-tem
ocoupation sl exposures bo bentonite dust may cuse structural and functicnal dzmage to the lungs. However,
available data are Inadequate 1o condusmely estabiish 3 dose-response relationship or even 3 cuse-and-effect
redztionship due to limited information on period and intensity of expasure 2nd to confounding factors, such as
exposure b silica and tobaoco smoke. (Envirommentil Health Criferi, Yol. 231 (3006) 159 p

omganephilic dzy imentmondlonitz,

In gemeral, the aoute towcty of organophilic days is low. Some crganophillic days are used In mametics. Data

attapulgite, hectorte] on & hectorite day show that the day Is of low aoute and repeated dose tosicity. The day Is not a skin or eye
Irritart, mor a skin sensitizer. Indmh-mﬂehmmedymgauenaimﬂqelﬂhmmtﬂahe
that the hectoriie clay s not genodomic. Data on reprotoxicity and candnogenicity are not available.
Check the MsDS for the mmpound-spectiic infomation.

Blopolymers The biopolymers used are generally low oxicity compounds. Some of these biopolymers are also used as food
additive. check the M5DS for the compound-specfic Information.

Carboaymettyl cellubose Carboxymethyl celiuliose ts of low iowidty. Carboymethyl cellulose &s zpproved for and wsed as food additive.
|WHO Food Additives Serfes, ol 42 [1995) pp 175-5)

Folyanionk: cellulose Celulose ompeunds are generally low toucity compounds. Some of these cellulse compounds ae also wsed
s fiood additive. Check the MSDS for the compound-spectiic Information. |WHO Food Addttives Series, Vol 40
| 198 pp 55~ 78; and WHO Food Additfves Seres ol 42 (1899) pp 175-5)

Guar gum |polysaccharide) Guar gum k a low oty compound, commonly wsed 25 food additive. Allergic rhinits following repeated
Inhalation exposure 1o quar qum dust has been repored. (Lagier 2r al, 1990, L Allergy Clin immun, 85(4)
. TES-TO0; Kanena !i]ﬂ.ﬂ?ﬂg},]ﬂ:il p24s-252)

Emutsfiers

Soaps See Table 2 Several emulsifiers may Iritate skin and/or eye and may be haemfisd by inhalation or I swallowed.
Chek the MEDS for the mmpound-spectfic infomation.

Amines Sea Table 2 Several emulsifiers may Imitate siin :|nd.|'nrq||eand may hehmhihymhmnnrlfmhnd.
Chek theMEDs for the compound-spectfic infomation.

Imidazolines Sea Table 2 Several emulsifiers may Imitate skin Iﬂlﬁqleard may hehlmhihyﬁnl.ﬁmnrlfmlumd.
chek the MEDS for the mmpound-spectfic infomation.

Folyamides

See Table 2 Several emulsifiers may Iritate skin and/or eye and may be haemfisd by inhalation or I swallowed.
Chek the MEDS for the mmpound-spectfic infomation.
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Table 1: Health hazards of drilling fluid components (continued)

Human health hazand

Mmodified polyamylates s 2 general term for several specific polyacrylzies each having compound-specific
‘tmionlogical properties. Check the MSDS for the compaund-spedfic Information.

L dphonzies are complex poly with 2 broad range of molecular mas and are derived from irees The
wood from trees b5 composed mainly of theee components—cellulose, hemicellolose and lignin. in the sulphite
pulping process, the lignins are sulphonated so they become water soluble and thus can be separated from the
Insoluble cellulnse. & review of avallzble toxclty data on several lignosuiphonztes by the US EPA Indicated that
Dignosulphonates are of very low toxicity (www.epa.gov [Federl Register: February 16, 2005 (Volume 70,
Wumber 31]5 The oral 2oute LOS0 walues are all greater than 2 g/kg. Repeated dose studies Indicate MOAELS
and LOAELS In the onder of magnitude of g/kg/day. There ks some (ursubstantiated) iInfermation that
lignosulphonates ghven to rats before, during, znd after mating at doses as high as 1,500 mg/kg/day did not
cause adverse effects an reproduction o offspring But at a dose level of 500 mo/hg/day these wese
histopathological changes in the lymph nodes of the mothers. These wese no concems Identified for the
mutagenicity of cancinogenichty of lignosuiphonates. Based on the physiclchemical properties, and
panticulzety on the large moleoular wesghts of the lignosulphonates, ignosulphonates zee not likely to be
alrsorbed via 2y route of exposwre. The only health effects of concem upan exposure o lignosulphonates are
Inttztion of skin, yes and resplratory system. For some lignasulphonates contact dllengy has been reported
[Andersson et al, 15&0; Contact Dermatitis 6(5): 354-355). The toxldty depends on the type and stze of the
lignosulphonate. Check the M50 for the compound-spedific Information.

Tannins

‘Tannins are potyphenols dertved from plants. Due to thelr ublquitous presence In food they have been subject
«of mamy bowicity studles. Ingeneral, tannins are of low acuie todcity. Tannins In food have been zsodated with
‘senvieral hemefictal and adverse haalth effects (Chung et al, 1958 Coit Rev Food 5o Mutr 3815): 421-64). [ARC has
evaluabed tzrmikc 20d and tannins znd concluded that although tannins were @ecinogenic In animals upan
subcoutaneois Infection, no epldemiclogical evidence In bumans was avallible to evaluate thelr todidty In
humans. JARC Momogeaplss on the Evaiuation of the Carinagenic Risk of Chemicals fo Man: Same Natweally
‘Oouming Sabstances, Vol. 10, pages 153-262). Chedk the MEDS for the mmpound-spectic information.

Fluid loss

(Cheeck the MED0S for the compound-spectilc infomation.

Carbouymetiyl celulliose

Sze zhove (Miscosty)

Palyanionic callulose

See ahove (vscosty)

Starch

‘Starch 152 low toicity compound, commanly usad as food additre.

See shove (Viscoslty)

‘sodified lignites

Modified lignites are dertved from brown coal. The torldty manly depends on the modification. Chedk the
WD for the compound-specific Information.

Asphialt, mone commanty referred to as bitumen in Europs, Is 3 dark brown to black, cement-like semisolid or
solid or wiscous liquid produced by the non-destnuctive distilation of crude of during petrolieum refining. when
aspihalts are heated, vapours are released; 25 these vapours cool, they condense. As sudh, these vapours are
enriched In the more volatile components peesent In the asphalt and would be expected to be dhemically and
potentially toslcologically distinet from the parent materal. Asphalt Itseif Is considered to be of low fowcty.
Asphialt fumes are the doud of small partides oeated by condensation from the gaseous state after
volatillzztion of asphalt. Sympioms sssoctated with asphalt fume exposure are eye, nose, and throat Imitation
and coughing. These health effects appazr to be mikd in saverty and trargient in natwe. Addrtional symptoems
Include skin Imitztion, prurius, rashes, rauses, stomach pain, decreassd appetie, headaches, and fatigue, 25
reported by workess imvolved In paving operations, irsulation of cables, and the manufacture of fluorescent
Digit flstures. Asphalt fumes and vapours may be absorbed following Inhalztion and dermal exposure. Results
of several in witro martagenichty studies on asphalt fumes are ambiguows: Results of crdnogenidty stadies
Indicate that some zspfalt fame condensates can cuse tumours when apolied dermally bo mice. A meta-
aralysts of 20 epidemiclogical studies filed to find overall evidence for 2 lung cancer risk among pavers and
highway maintenance workers exposed to asphalt. Undes various performance specifications, it s Nty that
zspihalt fumes contaln @eonogenic substances.

|Concise ntermationai Ohemica! Assessment Document (OCAD) Vol. 59 (20041)
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Appendix 8 Detailed health hazard information on drilling fod componenis

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

Component Human health hazand

Resre There are seweral types of resing, both nzturally derved and synthetic. The toxicological properties vary. Some
resins fiave been assodated with skin Imitation and allergic contact demmatiits. Check the MSDS for the
mmpaund-speciic Information.

Gisonitz lsonite 5 2 form of natural asphalt found In l2rge ameounts in the Uintzh Basin of Utah. Workers can be
emposed to the dust of gikonite and to the fumes of gilsonite when heating or bolling the material Glsmnite
dust may cause mechanical eye iritztion, while the fumes may be irmtating by the eyes and respirztony system
IFdﬂ‘Iill:'I%D:II'ldLﬁmimummfﬂ_ T0{5} 9-10).

Indusirial hyglene charactertzations were performed by NIDSH at tree gilsonite mills and nine gilsonite mining
‘operations o measure oorupational exposure to gilsonite and s constituents and toevakuate potential health
effects (Kullman etof, Am ind Hyg Assoc ) (1983) S0(B): 413415 5k out of seven bulk gilsonite szmples had
cryatalline silica contents helow 0.75% wt., no ashestos or other fibrous mineral compounds were detected In
bulk samples from five: different welns of glisonite, and palbynudear zromatic hydrocarbons were nat detecied In
aty bulk samples. The zuthors conclude that the gilsonit= dust exposure data are consistent with results of an
earkier respiratory health survey of gilsonite warkers in which the most defintie finding was an auress
prevalence of bronchitic symipboms.

hoghﬁlm (Kedmiy af ., Am.J ind Medl (1987 113k 257-296) showed that Increzsed
and;
L

The respira
prevalenies of cough legm were found In werkers with high-exposure jobs, bat no evidence for dust-
relzted function was noted.

Salts Sen ahorve (osmotic—salts)

‘Gycoks |polygiycols] ‘Gyroks, giycol ethers and have different toslcities. Pobygiycols are generally of kow toxicky. Chedk
mus:%mecmmmm genenly
licate The maost commanky wsed silicztes in drilling fuids zre potzssium silicte and sodium silicate These ngrediznts
comibine metal cations (potassium of sodium) with silica to fom Inorganic salts. Sodium silicate administersd
orally zcts as 2 mild alkall znd is rezdily absorbed from the alimesttany canzl and excreted In'the unne. The:
‘taschcy of silicates has baen refabed to the molar rztio of S10,/Ma 0 and the concentration. Potassium and
sodium siicates have a low to moderate acute toxcity. Rats orally administered 464 magikg of 2 20% solution
contaning efther 2.0 o 2.4 atio o 1.9 ratko of sodium axide showed no signs of towicy, whereas doses of

1,000 and 2,150 miykq produced gasping, dypsnea, and aoute depression. A mse report desoribes that
neutralized sodium siicate produced vomiting, diamhes, and gastroitestingl blzeding In human.

Desmal imftation of potassium silicte and sodlum siliczte ranged from negligible to severs, depending on the
species tested and the molar ratio and concentration tested Potassium sllicte was non-irmtating in bwo acute
eyeIrtation studies In rabbits. Sodium silicate was a severe eye Ieitant In acute eye Inftation shudies. A skin
freshener (10% of 2 40% squeows solution] containing sodium siicate was non-imtating. Sodium silcate In
ancther three eye Irftation sbudies was highly Inftating, irrtating, and noninitzting, respactively. Debergants
containing 7%, 13%, 2nd §% sodium silicate mixed 50¢50 with water wese negligible skin imitants to intact and
abraded human skin. 4 10% of a 40% aqueous solution of sodium silcabe was negathve In a repeat-nzuft
predictive paich test In humans. The same aquecs solution of sodium silicate was considesed mild under
noma use conditions In & stady of cumulatve rmtant properties. Sodium slicate tested In elbow orease studies
and seminoclded patch tests, produced low grade and transient imitation.

Repeated dese studies In Beagles and rats showed na overt signs of toaldty.

‘Sodium sillcate was non-mutagenic in 3 sandand bactertal 2ssay. Repeotacicty studies with sodium silicate In
rats showed some effects on the number of ofspnng 2t high doses but no effects on male rat fertility.
lint J Towienl Vol 24 Suppl. 1 (2005} pp 103-7)

Polyacrylamides (partialy hydrokysed) ‘There are various different types of poiyecrylsmides. Check the MSDS for the compound-spedfic Information.
pH comtrol

‘Sadium ydroide (NacH) Sodium Hydromide b 2 skin and eye comosive. In a uman 4-hour patch test, sodium Frydradde (0.5%) was 2 very
clezr skin mitant. imitation of the nose, theoat, or eyes was observed In workers engaged In deaning cperations
and In a small numbser of wsers of an oven spray. Ingestion might be fatal, as 2 result of, e.q, shock, infection of
‘the corroded tissues, pulmeonary necrosks, of asphyda No Indezse in mortzilty In retation o duration or
Intensity of exposure to caustic dust was found In 2 group of 265 workers for periods ranging from less than

' year 10 up to 30 years. (Health Council of The Metherlands, 2000, sodiem hydroxide]
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Table 1: Health hazards of drilling fluid components (continmed)

Companent Human health hazard

Pﬁlasshmlgﬂmldetm mnlgﬁwdebaﬂnadnemmﬂmrgmﬂhﬂdeMmhﬂm
rapid corosion and perforation of the sesophagus and stomah, stricture of the sesophages, violent pain in
‘ezt and epigastrium, haematemesks, and collapse may occur When infaled in any form, potassium hydeodde
s stronagly IEating 10 th upper respiratony tract. ACIe EXDOSUTEs May CIUSE SYmpEoes I the respirztory tract
Including sewere coughing and pain. Addmionally, lesions may develop along with buming of the mumous
membrznes. infalation may be f2tal as a result of spasm, nfammation, 2nd aedema of the laryr and brondil,
chemicl pnesmonits, and pulmeonary cedema (which can develop with a lztency period of 572 hours).
‘Chroni expasures may cause Inflammatory and ulcerative changes In the mouth and possibly beonchial and
gastroindestingl disonders. It Fas been reparied that 10% of workers exposad to KOH during the peoduction of
ascorbic ackd developed allergic dematitis. At beast one @se of oesophageal candnoma 2t the sie of Fydroxide-
Induced strichares bas been reported. In mice, repeated applications of aqueous solutions (3-6%) of KOH to the
skin for 44 weeks resulted In 2n incezsed Incidence of skin tumours. Since tumourigenesks was assodzted with
sewere skin damage Indudng marked epidermal yperplasla, 2 non-genatoxi: mechanism bs assumed.

[Health Councll of The Methertands, 2004, potassium hydroxide)

Cabchum hrydroxdde (C200H),) Lime Acute exp to calcium hy may cause mitaticn, 2icng with coughing, pain, and passibly burns of
the mucous membranes with, In severe aoute exposwres, pulmonary cedema and hypotension with weak and
rapid pulse. Solid calcium hydnosde is comosive bo the eyes and may cause severe Injury to the skin. These are
NUMeTLs case Feports on aoidental exposures to caldum hydeoxde resulting in comeal and skin alkall bans
and canrstic ulcers. Ganerally, these effects are caused by the solid material and less commenly or rarely by
solutiens. ingestion of alkall s reported to be foll owed by savese pain, vomiting (containing blood and
desquamated muoosal ining}, diarthoea, and collapse.

Twea epidemiological studies that addressed the assodation bebween cement-dust exposure and stomach
cancer were corsidered Insuffident fo rezch any condusions on the assoclation between cement dust expasure:
and stomach canier. However, no adverse effects have been experienced by long-tem exposed workess. Oral
L0 values of approximately 7.300 ma /g bw were reporied for rats and mice. No adequate repeated-dose
‘towicity (including cardnogenidty and reproduction toxdby) or genotomiciby/mutagenicity studies aee avallable.
[Health Councll of The Methertands, 2004, chclm bydreodde)

Citric acid Based on many experimen tal data in animaks and on human experience, ciiric acid 15 of low aoue toddty. The
NOAEL for repeated dose towicity for rats 1s 1200 mg/kg/d. The major, reversible (subjchronic boxic effects seem
10 be imited o changes In blood chesmistry and metal absomtion fexcretion kinetics. Chric acid 1s ot suspected
of being a @ndnogen nor a reprotmdc or teratogenic agent. The WOWEL for reproducitve todicty fior rats 1s 2500
muykg/d. Further, it Is not mutagenic in wiro and in wWivo. Also, the sensitizing potentlal is seen 2= low. In
onkrast, inftathon, In particulas of the eyes but also of the respiratory pathways and the skin, ks the major
‘toxkological hazaed presented by ciric add.

|SIDG. Screening infovmation Data Sat for High Production Wolume Chemicais, 2004)

Mmh\mmamz] Sodium bicarhonate ks of low acute toddty. Orall LDS0 values are higher than 4,000 mg/hg by, and 2n
Inhalation study In rats using 2 comcentration of 4.74 mgA Inhalabde dust peoduced no deaths. Sedium
bicarbomate Is slightty Imiating to the skin and eye of rabbits There ts no Indication of any adverse effects of
long-term use or exposure via any route. in wino bactenal and mammalizn cell vests showed no evidence of
‘enabokc activity. Sodium bicarbonate s not 3 reprotodcant. Based on the avallble information there ane no
Indications that sodium bicarbonate s caromagenic effects. Sodium bicarbanate fas 2 long history of wsein
Tood and nomal handiing and use will not hawe any adverse affiects. Awute oral ngestion of high doses may
result In 2 ruptured stomach due o excesshve gas development. Acute or dhvonic excasshve oral Ingestion may
cause metabolic alkalosk, cyanosts and hypematraemia. These conditions aee usually reversible, and wil not
cause adverse effects. (SIOS. Screeming keformatian Dt Set for High Production Volume Chemicals, 2003)

Calchum axide (Cai; Cuiide lime) ‘Ocoupation sl znd acoidental exposures fave shown caidum cxide to be very Irtating and cormsive 1o muoous
membrznes, eyes, and moést skin because of lecl iberation of heat and defydration of tssues upon slaking of
‘the small stze partiches znd the resulting alkalinity of the slaked product (caldum bydrocdel. Fatal burrs have
been reporied after massive exposure. Caloum osde was stated not to Be sensitizing In 2n open eploutaneous
‘test Cabchum culde can cause sevese Imitation and bums to the eyes, cedema, hyperzemia, lachrymation,
blurred wiskon, comeal opacities, ulosration, 2nd perforztion 2nd loss of vision. inflammation of the resplmtony
passages, wicerzthon, perforation of the rasal septum, and pneumeonia have been 2ttributed to Infalation of
calcum mide dust. Workers In lime factories for up to 40 years have experenced no il effects from exposure to
lime. (Health Councll of The Netherlands, 2006, cldum cdde)
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Component Human health hazard

Wekting agent

Sulphonic aod Sulphonic zckds are 3 dass of anganic xcids which have the tendency to bind to peoteins and crbohydratas, The
saits of suiphonic 2dds are the sulphonates. The baxidty of sulphonic 2cids depends on the speciic type.
Sulphonic zckds may be Irftating bo skin and/or eye. Check the MSDS for the compaund-specfic Information.

Amiides Amides areformeed from the resction of a carbowylic xcid with an amine and are, compared to amines, very
weak bases. The towdcty of amides depends on the spedfic fype. Amides may be imitating to skin and/or eye.
Check the MEDS for the mmpound-spectiic iInfomation.

Polyamides These are different types of polyamides with a different tosgary. Cheds the MSDS for the compound-specific
Information.

Rheological modifier

Fatty acids Fatty acids are abiphatic monocarbowyiic ackds 2nd can be naturally demved (from animal or vegetable ft) or
synithetic (fom ol or waxl. Fatty aclds are generally low bodcity compounds. Check the MSDS for the
compound-speciic information.

Polyamylates See abowe (dispersants)

Filtration control

Asphalt See ghowe (fluld loss)

Ligrite Sea zhowe (uld loss)

Glisonite Sea zhowe (uld loss)

Lubricating agents

Ester ol Check the MsDS for the mmpound-spectiic infomation.

Asphalts Sea ghowe (fluid loss)

Graphite In humans, the pattwlogical and physiclogical response to infaled graphite flzke s smilar to that Induced by
nuisznce dusts and Guse only treasknt pulmenary changes. Repeated exposare to very high concentrations
may overwheim the dezrance mechanisms of the lung and result In puimonary damzge from the retained
particles In unprotected individuals. Howeer, these lesions aither resoiwe with time or are of imited severity.
Dintver f al_{1993), Gowt Reponts Announcements & index |GRASH), Isus 06, 2004

Other

Bactericides Check the MsDS for the mmpound-spectiic infomation.

Lost Crrulation Materal (Cac0,, graphiie, Lost cirrulation material may form a generic dust harzed. Mechanical iitation io the eyes and respiratory

walnut shells, mica) SShE| Iy GOCur.

Ammonium bisulphate Ammonium bisulphate In solution Is kritznt o eyes and skin, and Is Initating to the respiratory system.

|max 63% ag. sokation) Inhalation of dust can produce Imftation to gastro-intestingl or respiratory tract, characterized by buming,
sneerng and cughing.

Sodium sulphite (apomx 50% 2q. solution) Sulphiites that enter mammals Wiz Ingestion, Inhalation, or Injection are metabolized by sulphit= oxidase to
sulphate. sodium sulphite & of low to moderate acuts todty. The oral mouss LDS & 20 my/&g. Expasurs o
the: zesnsol may ittt the: upper respiratony tract. A three-day exposure of rats to 2 sodium sulphife aersol
produced mikd pumonary edema following exposure to 5 mgym?, and Iitation of the racheal eptthellum with
15 mgim?. Betwesn 2% and 5% of asthmatics are sulphite sensittve. Sodium sulphite may be imtating o skin
and eyes. Posithve reaction In human patch tests have been reporied. Sodium sulphite s not considered o be
reprotoxic; In rats, sodium sulphite heptabwdrate at large doses {up to 3.3 g/kgl produced fetal oty but not
terabogenidity. Sodium sulphite was negative In genctomdcity studies. IARC mncheded that sodium sulphite &
not dasifizble (group 3) as to their carcinogenicity for humans. (it J Towkool Vol. 22, Suppl. 2 (2003) p.63-55)

Source: International Petroleum Industry Environmental Conservation Association and
International Qil & 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'

Constituent List Units Conventional Unconventional
Antimony mgfL nfa MWD — 0.005 ®
Aluminurm mgfL <050 — 4104 0.005 - 1.52%%
Arsenic mafL 0.004 — 151> MD —0.155"
Barium mgfL ND — 1740 > D445 — 1259
Beryilium magfL = 0.001 — 0.004° n'a
Bicarbonate mgfL ND — 14,750 " 453490317
Boron mafL ND - 957 0.05- 306"
Bromide mgfL 150 — 1,149*" ND-411"
Cadmium mgfL <0005~ 1.21204 MND - 0.076°
Calciurm mg/L ND - 74.185" ND - 5,5307
Chiaride mgfL 2254 923" ND - 52,364 %7
Chremium maglL ND-1.1%° ND-3.71%7
Cobalt mglL nfa ND -=0.010°
Copper mg/L = 0.002 -5° 0.001 - 1.448"
Fluoride mglL nla 057-20""
Iren mg/L ND - 1,100° 0.001 - 258°°
Lead mgiL 0.002 - 10.2™° MND = 0.098*
Lithium mgil 3-235"" MD = 1.50°
Magnesium mglL ND - 46,656 1.2-918.9°
Manganess mg/L <0.004 - 175° ND -3.11%%
Mercury malL < 0,001 - 0.002° ND - 0.014 "
Malybdenum mgiL nfa MD - 0.448°
Mickel maglL <0.08-9.2° ND - 0.082°
Mitrogen, ammoniacal (N-MHz) | maiL 10 - 300° nia
Nitrate {N-NG,) ma/L nia ND - 26.1°
Potassium maofL D—14840" ND —1,100°
Selenium magfL nfa WD =1.27°
Silver mafL <0001 -7 ND - D.14°
Sodium mafL 1-149,836" 97.3-32,013°
Strontiwm mgfL 0.02 — 6,200>* MDD — 47,99
Sulfate mgiL ND — 14,900" ND — 2,200 7
Tin mgflL MD—-11% nfa
Titanium mgfL <00 -0.7" nia
Uranium mgfL nfa MWD - 257
Yanadium magfL nfa MO — 0290
Zinc mafL D.01-35° 0.005—5639°

1 ND = nondetect; n'a = data not available: a = Fille and Evans 1890; b = USEFRA 2000; ¢ =
Shepard, Shore et al. 1892; d = Tibbetts, Buchanan et al 1802; e = Cheung, Sanei et al. 2005; f=
McBeth, Reddy et al. 2003; g = Colorade Ol and Gas Conservation Commission 2010; h = USGS

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)
TSS mg'L 12 1,000 MA, Gravimetric (USEPA 150.2)
Tatal Qil mgiL 2 65 MA, Gravimetric (USEPA 413.1)
Volatiles mglL | 0.39 a5 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 mig/L WD 27 MA USERA Fille, 1992
Method 1624
and 624
Bis (2-chlorethyl) | mall | ND | 0.03 MA NA GRI report,
ether 1985
Ethylbenzens migiL MCx 19 MA USEPA GRI report,
Method 1624 1988
and 624
Phenol magll | ND | 28 MA MA GRI repart,
1985
Toluenes migiL M a7 MA USEPA Fille, 1292
Method 1624
and 624
2-Butanone mig/L M 037 MNA A GRI report,
1985

! 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.



