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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is one of a group of International Standards intended to be used in conjunction with each
other where necessary (the role/position of the International Standards within the total Investigation
programme is shown in Figure 1).

It deals with safety during sampling and other soil investigation activities. International and national
regulations regarding health and safety at work and associated guidance produced by statutory bodies
and trade associations could exist and may need to be taken into account.

It

Fq
in
in
to

does not seek to address everyday hazards that could arise from the use of such items
struments, digging/drilling equipment, nor the hazards of driving to a site locationclt is

as sharp
assumed

at such hazards are satisfactorily dealt with by the personnel carrying out the investigation and the
sampling.

rmer production sites for munitions and other warfare agents presentyspecial pro
vestigators and others involved in handling samples collected at such locatiens. The guida
this document will be of assistance in these situations, but additional guidance about the pr
be taken should be obtained from specialists, such as those responsible for the former op

thlese sites.
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ological and geotechnical investigations are outside of the scope of this document and fo
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nce given
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" detailed

idance, reference is to be made to other relevant International Standards. However, sojil quality

vestigations may sometimes be combined with geotechnical investigations for practical reg
F economy and thus specific hazards and risks associated with geotechnical investigatig
ed to be addressed in the overall risk assessment.
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The investigation programme

Define the sampling plan
1SO 18400-101

Field and soil
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ISO 25177

with the sampling plan
ISO 18400-102

If necessary undertake sample
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Storage
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NOTE 1

NOTE 2

The numbers in circles in Figure 1 define the key elements (1 to 7) of the investigation programme.

Figure 1 displays a generic process which can be amended when necessary.

Figure 1 — Links between the essential elements of an investigation programme
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INTERNATIONAL STANDARD ISO 18400-103:2017(E)

Soil quality — Sampling —

Part 103:
Safety

1| Scope
This document gives guidelines for:

— identification of hazards that could be encountered during a site investigationnand when tollecting
samples of soil and other ground material, including hazards that are iatrinsic in the [sampling
operation (e.g. physical hazards) in addition to the hazards that might arise;e.g. from contdmination
with chemicals or biological agents;

— measures to be adopted to control risks once an appropriate risk-assessment has been cafried out.

2| Normative references

The following documents are referred to in the text inistich a way that some or all of their content
constitutes requirements of this document. For dated.yeferences, only the edition cited applies. For
urjdated references, the latest edition of the referenced document (including any amendments) applies.

ISP 11074, Soil quality — Vocabulary

3| Terms and definitions
Fdr the purposes of this document, the‘terms and definitions given in ISO 11074 apply.

ISP and [EC maintain terminolegical databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing/platform: available at http://www.iso.org/obp

4| Preliminary considerations
The main.@bjectives of this guidance on safety are to:

a)| identify the hazards that could exist when carrying out site investigations and soil [sampling
programmes,

b) indicate management procedures to provide a framework for safe working,

c) indicate what working procedures can be adopted to minimize risks from contaminants, physical
and other hazards associated with the collection of samples and the use of machinery, and

d) indicate what precautions can be taken in terms of personal protection and cleaning facilities to
minimize any risks.

It is not possible, in a guidance document such as this, to identify all the hazards that could be
encountered during site work, or to provide guidance on how the associated risks can be dealt with in
all situations. Safety depends ultimately on the adoption of an attitude and approach to any particular

© IS0 2017 - All rights reserved 1
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situation that will ensure that the hazards are identified and properly evaluated and appropriate
precautions taken.

Those authorizing, purchasing, designing and supervising works, the employers, and those carrying
out the work have a joint responsibility for safety. This responsibility extends beyond protection of the
workforce to include the general public who are living or working close to the site to be investigated, or
who might enter the site, with or without permission, while the works are in progress.

In all daily activities, there is an element of risk and this risk is increased when the environment is
unfamiliar. Even sampling an agricultural area involves an increased risk to the sampler because the

Frdal 1 1 - | 1 1 d -l 1 b dl 1
Ilature orrtne s1UUIIU dIIU PUSSIVIT TIAdZ4dTUS dI'T ITULTITLTS 54T ITy RITUWIT LU LT SAIITpPICT.

When examining a site for contamination, the risks are increased due to the presence of chemicals,
compoungds and agents which present a hazard to human health. When examining a former industrjal
site, the Jrisk of physical injury can be increased because of the possibility of voids@nd cavities
(physicallhazards) beneath ground level which might not have been properly filled in. Cavities can also
be presemt where there has been underground combustion (for example, in refuse-sites and colliefry
waste digposal sites).

Physical Injury is also possible in any sampling situation where machinery is-being used. Even minor
injuries cpn provide a pathway for toxic substances and pathogens to enter the¢'body.

Care shopld be taken to ensure the safety of the investigator when(a' preliminary site visit (sjte
reconnaissance) is carried out prior to commencing the full site<inivestigation, particularly as pll
potentiallhazards might not have been identified at that time.

At most 4ctive construction and industrial sites, special safetyrinstructions are in effect. In additign,
regulatiops could exist and may need to be taken into account on site. When relevant, the sampler
should bg informed before entering the site.

If during the site reconnaissance carried out as part;ofa preliminary investigation anything is seen tHat
is consid¢red likely to pose an immediate threat to-human health and safety or the environment, this
should bg reported immediately to whoever is ihcontrol of the site so that any essential urgent actipn
can be taken.

NOTE 1 | There might be a duty under health and safety legislation and/or a professional code of conduct|to
do this.

When the site surface prior to(the investigation is obviously contaminated, or presents a general
environmental problem due tgexposure of humans or animals, and there is the possibility of dispergal
of contaminated dust or wateppollution, in addition to taking precautions to minimize disturbance ahd
dispersallof contaminationduring the site investigation, the situation should be brought to the attentipn
of the landowner and ajithorities as appropriate, so that preventative measures can be implemented.

In additign to the guidance provided in this document, guidance can be found in:

— interhationwal and national legislation and associated guidance;

— indus try codes of prar‘fir‘p;

— safety documentation produced by employing companies and other organisations;
— site-specific safety instructions.
Some guidance document that might be relevant are listed in the Bibliography.

BS OHSAS 18001[Z] specifies requirements for an occupational health and safety management system to
enable an organization to control its occupational health and safety risks and improve its occupational
health and safety performance. Guidelines for its implementation are provided in BS OHSAS 18002(8l.
BS OHSAS 18001[Z] is designed to be compatible with ISO 9001[2] (Quality) and ISO 14001[3]

2 © IS0 2017 - All rights reserved
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(Environmental) management systems standards to facilitate the integration of quality, environmental
and safety management systems by organizations, should they wish to do so.

NOTE2  BS OHSAS 18001I[Z] is the internationally recognized assessment specification for occupational health
and safety management systems. It was developed with the assistance of a range of national standardization
bodies, regulatory and certification bodies, and trade bodies to address a gap where no third-party certifiable
International Standard currently exists. It is planned that the future ISO 45001 will replace BS OHSAS 18001.

5 Concepts and processes

51 General
Injorder to properly address health and safety at work, it is necessary to

— identify hazards, i.e. anything with the potential to cause harm, (this can include subsftances or
machines, methods of work and other aspects of the work organization),

— identify and quantify risks, i.e. the likelihood that a particular hazardimight cause harnp to those
exposed to it and the consequences for them (risk therefore reflects both the likelihood that harm
will occur and its severity),

— carryoutariskassessment (a careful examination of what could'cause harm to people), to determine
whether sufficient has been done (precautions taken) tomanage the risks or what further needs to
be done to prevent harm, and

— manage the risks by assessing them, putting sensible;health and safety measures in place fo control
them and then making sure they work in practice(a process usually termed “risk management”).

5.2 Risk assessment

A Irisk assessment should be carried out by an appropriately qualified person before any sampling or
other investigation activities, including a'site reconnaissance, are carried out as part of a preliminary
inyestigation. This is particularly imiportant on former industrial sites and waste disposdl sites. If
site reconnaissance forms part ofithe preliminary investigation, the risk assessment should|be based
or] the results of the desk study. It might be possible to refine the assessment once the preliminary
inyestigation is completed, and it should be kept under review as the investigation proceeds.

Risk assessment typically involves:

—|{ identification of\the hazards;

— deciding who-or what might be harmed and how;
— evaluating the risks and deciding on precautions;

— recording findings and implementing them;

Feviewing
The risk assessment should take into account that site investigation workers are typically:

— exposed to weather extremes;

— exposed to physical hazards;

— sometimes exposed to other potential hazardous substances such as cement and adhesives;

— are often peripatetic (move between sites and possibly employers).

© IS0 2017 - All rights reserved 3
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The risk assessment record should show:

— apro

per check of the hazards was made;

— that those who might be affected have been identified;

— all the obvious significant hazards have been dealt with, taking into account the number of people
who could be involved;

— the control measures are acceptable, and the remaining risk is minimised;

— staff
— who

NOTE 1

of the hari and the potential severity of harm and then plotting these two risk-determining factorsagainst ea

otherina

Using a 1
particula
and expe
unnecess

or thelr representatives were involved 1n the process;

Carried out the risk assessment and their qualifications for this task.

A common method for evaluating risks involves working out a risk level by categorizingithe'likeliho
[isk matrix (see Table 1). The risk level determines which risks should be tackled fjrst:

atrix can be very helpful for prioritizing actions. It is suitable for very many assessments h
rly lends itself to more complex situations. However, it does require a.fair degree of experti
Fience to judge the likelihood of harm accurately. Getting this wreng-could result in applyi
ary controls or failing to take important ones. People workingfull time in health and safg

od
ch

ut
se
ng
ty

often usel a version of this method. It provides a good alternative to théfgood practice” approach, i.e.
adopting|practices that are widely recognized and set out in authorjtative guidance.
Table 1 — Risk matrix
N@tential severity of harm
Slightly hm&fﬁ Harmful Extremely harmfufl
1.Q 2 3
Highly unlikely Trivial Tolerable Moderate
1 1 2 3
Likelihopd of harm Unlikely Tolerable Moderate Substantial
occyrring 2 2 4 6
Likely : Moderate Substantial Intolerable
3 r\® 3 6 9
NOTE 2 | An example of a risk assessment for driven probe boring (window/windowless drilling) is provided]in
Annex C.
5.3 Risk management
In order |to achieveYsafe working conditions (i.e. to reduce risks to an acceptable minimum), the
employinig organizdtions should adopt formal “policies” and operating frameworks requiring (see aliso
6.1 and 6|2):

J— identiFiﬁf\f—inn ofhazardc and aualiiqts
HicatH o - O aAaraSahaevdartdat

— avoidance of risks wherever possible;

— failing this, control of the risks through adoption of appropriate operating procedures;

— failing this, or in addition, the protection of individuals against unavoidable risks.

Employers should provide training and keep records of procedures adopted and of any incidents. It

might be necessary to establish health screening and surveillance programmes.

© ISO 2017 - All rights reserved
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In order that appropriate risk reduction and management procedures can be identified on a site-specific
basis, those managing site investigations should:

identify hazards;
identify under what circumstances the hazards might present a risk;

quantify the actual risks.

In relation to contaminated sites, the importance of a preliminary investigation (see ISO 18400-2021)

fo

r identification of hazards from contamination and physically hazardous conditions is emph

asized.

5
Aq

N(

sifuations including on agricultural and contaminated sitesk

6

6.

Any organization involved in site investigations and sampling should have a safety policy W

oy
en

A Identifying hazards

indicated in 5.2, potential and actual hazards should be identified taking into aceount:

the history of the site as established in the preliminary investigation (see IS®18400-2021
the activities to be carried out on the site (e.g. exploratory and sampling;techniques);

the nature of the site (e.g. agricultural land, industrial land, forest);

topography and other physical aspects such as waterlogging;

weather/climate.

TE Clause 6 and Annex B provide information on theshazards that could be encountered in a

Safety precautions — General aspects

1 Safety policy

t the requirements for safe working. Adherence to the policy should be part of the con
hployment of all personnel. The policy should:

emphasize the need fpralertness and vigilance on the part of site personnel to protect th
from hazards during investigation and sampling;

emphasize theregquirement to follow standard operating procedures where these exist;

describe the responsibilities of each member of the investigation team, including the respo
to any subeontracted personnel and to the general public;

requitre competency to be demonstrated and the evidence for this to be recorded;

variety of

thich sets
Hitions of

emselves

hsibilities

kercise or

imclude a mandatory ban on smoking, eating or drinking while carrying out a sampling e

other mvestigation on-site.

The policy should be supported by standard procedures setting out the requirements for safe working
in general, and in specific locations such as confined spaces. These standard procedures should include
the provision and use of protective clothing and equipment and the minimum number of personnel
that should be involved in site work. The standard procedures should also specify the requirements
for contacting local emergency services, methods of communication and methods of washing and
decontamination.

NOTE

requirements on the organization(s) carrying out the investigation.

1

Under preparation.

© IS0 2017 - All rights reserved
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6.2 Planning and managing for safety

To ensure the safety of personnel in site investigations or sampling exercises, it is necessary to plan and
manage for safety. This requires a combination of measures which should include as appropriate (see
also Table 2):

— compliance with company safety policy (see 6.1);

— preparation of a safety plan;

— appojntment of an individual to take responsibility for implementation of the safety plan apd
measgures;

— clear|assignment of responsibilities;

— provision of information to all concerned;

— provision of training;

— identjification and assessment of the hazards arising from the site (see 5.3 and‘5.4);
— avoidance of hazards where possible;

— selection of sampling methods with safety in mind;

— provision and use of personal protection equipment (see 6.4 and Table 2);

— provision of equipment for the detection of hazardous enyironments (see Table 2);

— adoption of appropriate working procedures and prevision of supporting facilities as listed [in
Tablq 2;

— health surveillance;

— constyltation with managers of the site where-works are to be undertaken regarding site conditions,
site Works within the area for samplingandother issues which could be relevant to the general safdty
of thpse undertaking the works (e.g.@ctivities beyond the site boundary which could compromise
the site works, ground conditions;unreported incidents within the area of study).

Requirenpents and systems for controlling the exposure of workers to substances hazardous to health
shall be cpmplied with. Precise-requirements might differ, but often include a framework requiring:

— avoidance of exposure to-potential physical, chemical and biological hazards;

— if this is not possible/use of control measures to prevent exposure or limit exposure to “permittpd
level$” (these might be defined in national regulations);

— if this is nofpossible, the use of personal protective equipment.

They could’also require:

— the provision of information and training;
— health surveillance programmes;
— the preservation of personnel exposure records for an extended period of time.

NOTE1 The above provides a useful framework for a policy to protect personnel from hazardous substances.

6 © IS0 2017 - All rights reserved
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When establishing suitable safety procedures, not only should the hazard be considered, but also the
way the hazard is likely to be encountered by the investigator or sampler and the consequences of the
exposure to the hazard which might vary from skin irritation and simple physical injury to death.

NOTE 2  In most cases, chemicals are likely to be considered hazardous because they can cause acute toxic
effects, but chronic effects could also be of concern in respect of regular investigators and samplers.

NOTE3 Annex A describes how investigators could be exposed to the hazards that might occur in different
situations and some of the consequences of such exposures.

6.3—Personmel

There are various roles that need to be performed by one or a number of persons during afiinveistigation,
influding project leader, field manager, field investigator and skilled operatives (e.g. idrillers). Tasks
to| be carried out include direction, planning and execution; supervision in the(field; sampling and
measurement, formation of exploratory holes and logging of excavations and boreholes, etc.Whoever
pdrforms these roles and tasks has responsibility to ensure safe working and-that health is grotected.
They should therefore be appropriately knowledgeable, qualified, trainedy*experienced and able to
communicate with other members of the team. The prescription of the qualifications, etc. refuired by
thpse performing these roles is outside the scope of this standard. However, the provisions in national,
international and European geotechnical standards might be useful’by analogy regarding thle roles to
bd performed and appropriate levels of qualification, etc.

NQPTE1 Those performing the various roles and tasks mentionédyabove could work for the client, a fonsultant
orfa contractor.

The lead driller in charge of an individual drilling rigishould be skilled in the practice of exploration
of|the ground by means of boreholes, simple samplifig and testing, making groundwater obsgrvations
in|boreholes, and properly recording the information obtained. In some jurisdictions, all boring and
dijilling operatives are required to hold specifi¢:qualifications.

Operators of excavating plant should be skilled and experienced in the safe use for digging|trial pits
anld trenches and have any relevant specific qualifications required in the jurisdiction in which they are
opgerating.

Physical support to ensure safety on site should be installed by skilled operatives who should have any
relevant specific qualificatiogsrequired in the jurisdiction in which they are operating.

NOTE 2  ISO/TS 22475-2[4] provides guidance on qualification criteria for enterprises and personne] including

for “qualified operators”{and ISO/TS 22475-3[3] provides guidance on conformity assessment of enterprises and
personnel by a third party.

6.4 Safety équipment

Appropriate/safety equipment including personal protective clothing and equipment and mjonitoring
equipnient should be provided and operatives trained in their proper use by their employer.

Theselection of appropriate safety equipment can be a complex process, because of the|range of
conditions that might be encountered and the range of equipment available. The project manager
and/or safety manager should always obtain specialist advice if there is any doubt about the type of
equipment required.

The aim should always be to take precautions aimed at preventing hazards or reducing risks at source.
However, such measures, will seldom completely remove a risk and thus use of personal protective
equipment (PPE) will usually be necessary. Even in situations where chemical or similar hazards are
negligible, there will remain a need to provide protection against physical hazards and adverse weather
conditions. The selection of PPE can be made more difficult because of the availability in some markets
of counterfeit PPE.

For those forms of personal protective equipment (PPE) where several classes of protection are
available, it is important to select the right level of protection for the risk involved. For example,

© IS0 2017 - All rights reserved 7
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respiratory protective equipment (RPE) shall be selected to provide the right type of protection (dusts
or vapours and gases need different forms of filter) and the right level of protection (high concentrations
of a substance will need a higher performance filter).

[tis essential that the personnel involved are aware and understand the hazards and have been properly
trained, so that the risks are minimized. The most important aspect is that, however much safety
equipment is provided and used, its effectiveness can be totally negated by carelessness or inattention
on the part of the user. The ultimate safe operation of any sampling or site investigation exercise is in
the hands of the operating personnel and supervising personnel.

When PP
robusta
might be
by whatg
supplies {

Safety hd
sunlight,
should b

The use @
and the e

The equi]
working
may exist.

NOTE 1
in Table 3.

Project m

over;
comy]

makae
repai

train

chec}
risk,

d long-lasting. Others, however, might be designed for limited use only (e.g. disposable RPE)
easily soiled and made unsuitable. For example, gloves which have been heavily contaminat
ver they are protecting from might no longer provide suitable protection. Replaceme
hall be readily and easily available or any efforts to ensure compliance will be undermined

Imets are relatively robust and long-lasting but can deteriorate due to exposure to he
or chemicals. They commonly are marked with a maximum product lifecafter which th|
changed.

f safety or protective equipment should not result in contamination of the samples collecte
quipment should be selected accordingly.

bment listed in Table 2 should be provided as necessary taking into account the anticipat
environment, hazards likely to be encountered, and lgeal legislation and regulations tH

Guidance on the selection of PPE to provide protectiomagainst particular types of hazard is provid|

anagers should:

ee inductions, documentation of the<RAMS (risk analysis management system), proof
etency, preparation of health and saféety plan, etc.;

sure anyone using protective elothing is aware of why it is needed, when it is to be use
red or replaced — and its limitations;

and instruct people how te’use PPE properly and make sure they are doing so;

k regularly that protective work wear is being worn all the time workers are exposed to t
hnd never allow exemptions for those exposed for only a short time;

if PPE is not beingWofn, or not being worn correctly, investigate the reasons why not and record t

incid

prov
clean

ent as a “near-miss”;

de fagilities to keep clean clothing and dirty work clothing apart and check that workers u
and.store protective clothing and other PPE properly;

ed

of

d,

he

be,

make sure workers avoid contaminating the skin when removing PPE;

not p

ermit chemically contaminated protective coveralls to be washed at home;

ensure that PPE is checked for any damage before and after use;

ensure disposable PPE is used only once and disposed of safely after use, and in a suitable
approved method;

keep

abreast of national and international best practices.
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Table 2 — Health and safety measures that might be required for site investigations

Protective clothing and equipmentb

Monitoring equipment

Safety procedures and facilities

— Overalls (water or chemical proof if
necessary);

— safety boots (not laced) with steel
toe and sole protection and chemically
resistant where necessary;

— gloves offering protection in rela-

Hand-held gas monitors;
automatic gas detectors;
personal monitors;
environmental monitoring;

radiation monitors;

— Training;

— procedure for recording “inci-
dents” and “possible exposures”;

— permit to work systems;

— notification to emergency
services;

tiprte-the-hazardstikelyte-be-encotuh - — -
tdred (physical, chemical, biological); | Services monitoring/detection | access to telephong coantact;
equipment.

—t protective helmet; — decontaminatign.facilfities for

: plant to preventtransporjt of con-
— eye protection such as glasses, gog- N :

X tamination fronrsite;
gles or face shield;

. — decontamination faciljities for
— ear protection;

personneld;
— face masks and filters; .
— Isafe sampling procedyres;
— breathin r ; .
breathing apparatus; — safe sample-handling proce-

—t safety harness and lanyards; dures;
— protection against strong sunlight — access for emergency yehicles.
including eyes and skin;
—t high visibility vest or jacket;
— safety torches;
— fire extinguishers;
— first aid equipment including
eyewash.
a | Washing and toilet facilities can vary from proyision of water, soap and a towel for a “walk-on” site inspectign to a fully
plumbed-in decontamination unit for a major investigation of a former industrial site, e.g. chemical works.
b [ Seealso Table 3.
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Table 3 — Personal protective equipment required for different hazards

Hazard

Requirements for personal protective equipment (PPE)

— Precautions against chemicals entail protection of the site investigator, sampler and
any other personnel involved in the site work to avoid direct contact with chemicals and
to avoid possible ingestion or inhalation of contaminated material, fumes or gases. In most
sampling situations, the feet and hands are the first parts of the body likely to come into
contact with the site, and then the face. The rest of the body can come into contact with
the site by falling down or being splashed.

— Chemical-resistant safety boots should be worn to avoid contact with the site. They

N

3 Chemicals

should be appropriate to the task in hand and meet relevant health and safety standards
for PPE. Gloves should be worn to avoid contact between hands and any contamination.
The gloves should be of a suitably chemical-resistant material appropriate for theanateri
als expected to be encountered. Contamination of the face and eyes from hands-shotild bg
avoided by removing gloves and washing hands.

— Wearing a suitable overall reduces the risk of contact of the remainderof the body.
Overalls should be made of at least strong cotton material. When appropriate, impervioup
overalls should be worn.

— Splashes to the face are difficult to avoid, other than by exercising care. Where there
a serious risk of splashing, and particularly where hazardousdiquids are known to exist,
atleast eye protection should be worn and preferably the whole face should be protected
If working on a contaminated site with chemical hazards,then wearing of eye protection
such as safety glasses, goggles or full face protection should be considered a standard
prudent procedure.

v

— Subject to the nature of the hazard it could belappropriate to use masks fitted with
appropriate filters rather than an independent.air supply.

— Use of disposable protective clothing,;sheuld be considered as a means of avoiding dist
persal of contamination from the site, but the protective clothing shall then be disposed by
a suitable approved method.

7.4 Gases

— Personal monitors for toxic and other gases.

— In some cases, provision«of ah independent external source of air for breathing could
be necessary, for example, byuse of a breathing apparatus. This, however, requires
specialist instruction ard training before use.

7.5 Biologlical haz-
ards

— The precautionstin relation to chemical hazards (see 7.3) apply equally to bacterial
hazards. However;oite additional problem is the possibility of contracting Weil’s disease
(Leptospira) throurgh contact with water that has been infected by rodent urine. If such
a situation is-possible, appropriate waterproof clothing should be worn. Cuts and abra-
sions should-be protected with waterproof plasters, etc. Regard should also be paid to the
possible presence of faecal bacteria, fungi (e.g. Aspergillus), anthrax and other possibly
infeetive’agents (see also A.1, B.1.3 and B.2.4).

12

N

.9 Machipes

— High visibility clothing should be worn in line with site-specific requirements.

# Where the operations being carried out can cause flying particles, eye protection
should be worn.

— Where the operations involve the generation of noise or the machinery is noisy, ear

prnfpr‘fnrc should he worn

— In wet ground and where there is the possibility of splashing with contaminated mate-
rial, personnel should either stand beyond the range of splashing or should be protected so
that splashing cannot affect them. Particular care should be taken to protect the face and
the eyes.

NOTE Information

appropriate risk assessment. All equipment should comply with relevant standards. Regulations could exist and may need
to be taken into account.

a  “Gases” here embraces all gaseous substances including vapours and fumes.

provided above is not exhaustive. Each situation needs to be judged individually following an

10
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7 Safety precautions in relation to particular hazards

7.1 General

On all sites irrespective of their history, the locations of any below-ground services (utilities) or other
vulnerable features should be identified before on-site work starts to prevent inadvertent and possibly
dangerous damage. Overhead power lines should also be identified. Further guidance is given in 8.3.

When using specialized sampling techniques, for instance, involving explosives, specialized personnel
should be employed.

Preliminary investigation in accordance with ISO 18400-202 should identify whetherurexploded
ordnance might be present, e.g. munitions from former warfare or military training exereises| In which
calse, an appropriate survey and removal action should be undertaken. Even when_thishas bgen done,
hgwever, vigilance should be maintained at all times for the presence of suspicious-articles, ¢specially
when forming excavations. The relevant authorities should be called to site if suspicious articleq are seen.

NQPTE1 In general, safety precautions against a particular hazard are independent of the type or Jocation of
inyestigation being carried out. Some precautions might however need to be moxe extensive, for instance those
relating to machinery, depending on the size and the nature of the machinery td be used.

NQTE 2  Further guidance in relation to particular hazards is provided in Annex B.

N(QTE 3  Reference [14] provides useful guidance on investigatipons) etc. for unexploded ordnance.

7.2 Personal protective equipment

Pgrsonal protective equipment (PPE) and other.safety equipment should be supplied and used as
appropriate for each of the hazards listed below_in‘adherence with the guidance in 6.4 and Table 3.

7.3 Chemicals

There are usually two potential sources:of hazardous substances: those that exist on site (contpminated
land) and those used to enable the-works to be carried out (cement, bentonite (in powder form), fuels,
etf.). All substances used in the planned works should be the subject of a formal assessment ih relation
tolhazards to health and apprepriate data sheets provided.

In|the case of a potentially. contaminated site, the risk assessment should list the likely substances to be
erjcountered and henc€ enable requirements for PPE to be identified (see 6.4, Tables 2 and 3).

In[the case of purchased materials, appropriate hazard assessments should be carried out.

NQTE1 Regulations often require the contractor using the materials to consider each individyal site, to
prepare an assessment for each hazardous substance and to provide guidance on the procedures to He adopted
to|controlthe’hazardous substance including, for example, how they are to be stored (e.g. fuels so thaf any leaks
arp captured). Where products such as cement, bentonite, fuel, etc. are used daily on various investigation sites,
thpse substances may be dealt with by using general assessments that are provided on site and by EIIISUI'il’lg all
sitlestaff and npprnh'vpc are aware of the existence of these assessments

Some people are allergic/sensitive to some chemicals and this should be taken into account in the risk
assessment and risk management measures adopted.

Inhalation and ingestion of contaminants during smoking or eating should be avoided by ensuring a
good standard of personal hygiene, including washing of hands before and after using the toilet, and
hands and face before eating, drinking or smoking. Smoking, eating and drinking should be prohibited
on suspect sites and on sites known as likely to be contaminated. In all other cases, smoking, eating and
drinking should be banned except in designated areas.

Those carrying out excavations should routinely have available protection against nuisance dusts or
aerosols liberated during the investigation or sampling and when necessary against specific potential
hazards that have been identified before the work is started. In some cases, full protective clothing
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with an independent air supply should be provided. When it is known or suspected that asbestos might
be present, protective clothing shall be provided and working methods shall be adopted, in accordance
with applicable requirements.

There could be occasions when dusts or aerosols occur unexpectedly. The immediate hazard can usually
be avoided by moving away from the area and allowing the problem to subside. Consideration shall
then be given as to how best to proceed, taking advice form the project leader and a health and safety
specialist as necessary. It might be possible to reduce the risk sufficiently by damping the material with
a water spray, but in other cases the following actions should be taken, as appropriate:

1 Faa N ) | d 11 1 i | P |
— Ceasgwork untirtire austor acrosoritas DeeIr raeItired,

— back{ill the excavation (avoiding as far as possible dispersion of dust) to prevent further dispersipn
of the offending material and contact by site workers;

— adopt a different sampling technique that will limit dispersal of the dust and exposure of the
work force;

— emplpy appropriate PPE;
— abanfon the sampling location altogether as being too hazardous to disturb further.

All equipment, machinery and wheels of vehicles should be cleaned befofe leaving contaminated sites
and the washings disposed of in a suitable manner, in order to prevent spread of contamination.[14]

7.4 Gases

WARNINIG — Some people are allergic/sensitive to traces of some gasses and are liable fto
collapse |and require assistance if affected. Although:unlikely, work on sites where ground gps
is suspe¢ted or known to be present should be conducted with this possibility in mind. This
warning|refers to work in the open and should not’be confused with the requirements for work
in enclosed spaces.

There shpuld be regard to both the safety;of workers as described below and to occupiers ahd
neighboufs of the site being investigated (see 8.4.3).

In most ¢ases, adequate dilution of any gases liberated is sufficiently protective; nevertheless, any
operatior]s should be carried out ini Such a way that the liberation of gases is minimized. All personiel
should b¢ on the upwind side of any problem area so that gases are blown away from them, and| if
working Wwith machinery, they(should stand so that they do not inhale the exhaust emissions.

All machines should be ldeated on the upwind side of the investigation location where possible so tHat
any fumep or gases areg-ploewn away from the operators. Depending on the results of the risk assessment,
machine pperators should ensure sufficient air ventilation so that there can be no accumulation of gas
or work in pressurized cabs for which the air is appropriately filtered prior to entering the cabin jor
provided|from:a‘compressed-air supply.

If the prgsence of toxic gases is suspected or anticipated, gas monitors should be issued before work
commences to ensure the absence of hazardous gas concentrations. This is particularly important in
confined spaces and where work is more than about 1 m below ground level and is also necessary in
any situation where gases can be released by the investigation work or might have built up.

Records of gas concentrations before and during exposure should be recorded and assessed against
appropriate thresholds for occupational exposure.

Where any operations involve personnel in work below ground or in confined spaces, it is essential
to monitor the area for flammable gas, toxic gas and oxygen content prior to entry and to maintain
continuous monitoring while the work is in progress. Only trained personnel should carry out such
work. In these situations, a method of safe withdrawal and rescue should be prepared before work
commences. This is likely to include personnel outside the area of work to raise the alarm and assist
in any rescue necessary using rope harness and breathing apparatus. There should be no unprotected

12 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=5ca40fa21767660af5f18d1f85823159

ISO 18400-103:2017(E)

entry to rescue someone who has collapsed (this is likely to result in multiple casualties rather than a
single casualty).

Where there is a risk of flammable gas or fumes, the monitoring equipment used should be
intrinsically safe.

It is not normal to enter deep excavations as part of a sampling exercise or site investigation (see 7.8),
but where this is necessary, to carry out in situ measurements for instance, care should be taken that
there is no hazardous gas concentration in the excavation or an oxygen-deficient atmosphere.

Personnel entering old buildings should consider rooms entered as notential confined spaces (see 7.10
5 5 T r 3 —

7.5 Biological hazards (bacteria and viruses)

The precautions in relation to chemical hazards (see 7.3) apply equally to bacteriahhazards.|However
orle additional problem is the possibility of contracting Weil’s disease (Leptospira) in partifular, but
also other illnesses through contact with water that has been infected by rodent urine (seq B.1.3). If
such a situation is possible, appropriate waterproof clothing should be wornvOther potential piological
hgzards include, but are not limited to, faecal bacteria, fungi (e.g. Aspergillus), anthrax bacillus (Bacillus
anthracis), tetanus (Clostridium tetani), “foot and mouth disease” (Aphthovirus picornaviridae)

In| old buildings, where there has been unauthorised occupation ‘or use, there could be |a risk of
erjcountering hypodermic needles used for injection of drugs, faeces and other infective materials.

Injections to protect against typhoid, hepatitis and tetants infections are recommended for site
inyestigation personnel.

NQPTE1 Contact with some plants can be harmful, for éxample:
—| gianthogweed (Heracleum mantegazzianum), the'sap of which causes severe, recurring blistering ih sunlight;
—| common hogweed which can cause mild allergic skin allergies;

—| spurge which can cause skin irritations;

—| members of the primrose family which can cause skin rashes in some people.

NQTE 2  Blue-green algal bloems are hazardous to humans and other animals. In humans, illness cpn include
skin rashes, vomiting, eye irritation, diarrhoea, fever and pains in the muscles. The illnesses can be fevere but
arp not usually life threatening.

7.6 Radiation

Whhere radiatioh-hazard is possible, dose-monitoring badges should be worn as a minimym, but it
is|preferable\to take specific advice from a national radiation authority. If personnel are [routinely
inyolved_in'work below ground level in an area of known significant radon concentrations, gpecialist
advice §hould also be obtained.

7.7—Asbestos

The presence of asbestos fibres or asbestos-containing materials (e.g. fragments of asbestos cement
sheeting) in the ground can present risks to health and requires particular care in the selection
of appropriate sampling techniques and design of sampling procedures. Contingency plans should
always be in place so that investigation personnel know how to proceed if asbestos is unexpectedly
encountered.[9]

7.8 Topography

Many of the safety requirements for the avoidance of topographical hazards are self-evident, such as
watching where the feet are placed. However, site investigators and samplers should be warned that if
the ground is unfamiliar, extra care shall be taken in walking on a site.
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Care should be exercised when traversing a site to inspect for unsafe ground, sudden depressions,
holes or obstructions. This is particularly important where the ground is overgrown with tall or rank
vegetation. In such circumstances, it is preferable to break down the vegetation and check the ground
before traversing, particularly where heavy machinery is being used.

On former industrial sites, care should be exercised with respect to inspection chambers, corroded
underground artefacts such as pipelines and tanks, poorly secured mine shafts and filled-in areas, in
case these are not capable of supporting a mass or are unstable.

Except in the case of an emergency, running should be forbidden on a site which is subject to
investigation:

]

Particulaf care should be exercised if working near bodies of water, such as rivers, lakes, or docks, ‘et

If surface water samples are to be taken, the exercise should be properly planned having régard to the
need for the site of sampling to be safe and secure, and to provide as appropriate a life-line to prevegnt
the sampler falling into the water, buoyancy aids, life jacket and to plan for rescue should\it be necessary.

When ex¢avating trial pits, it is not uncommon for the sides to be unstable andic6llapse. This might
not be ohvious from the surface. The edge of the trial pit should be checked from all sides, to ensufre
the ground is firm and not falling away or undermined, before approaching-and signs posted warnipg
of the hazard. The hazard increases with increasing depth and decreasing stability of the ground.
Instability can be exacerbated by rainfall, a rising water table and préximity of arising to the edge.
When ne¢essary, the sides of the trial pit should be supported.

Entry to frial pits should be avoided whenever possible. They.should not be entered unless it is sgfe
to do so, [e.g. if relatively shallow or shored by a competent.péerson when necessary. Other potentjal
hazards (e.g. possible exposure to hazardous chemicals) should also be taken into account.

NOTE 1 | There is no generic safe depth. However, some jurisdictions permit entry to unsupported excavatigns
of no mor¢ than a specific depth (e.g. 1,2 m). Others requiréformal risk assessments for each trial pit concerning
whether it is safe to enter the trial pit and other hazards-that might be encountered.

NOTE 2 | For detailed advice about safety and trial pits, see Reference [10].

Below-grpund excavations which are to be entered should be only shored by those with approprigte
training, pxperience and specific qualifications where these exist.

—
wn

Trial pits|should be backfilled as soen as possible and should not normally be left open overnight. If i i
not possible to avoid leaving ap.excavation open overnight, then it should be securely fenced to prevegnt
unauthorjized or inadvertentaeeess.

When sa(t'npling non-conselidated stockpiles, the sampling plan should contain additional safdty
instructigns on how the-stockpile can be sampled safely.

7.9 Malchines

Some saf¢ty precautlons are inherent to the partlcular machine being used, and in general, if machlqes
are used hran uupl OPTT IIJaIIIIeT, theretsariskof llljul Y-

All moving parts on machinery, especially drilling and boring equipment, shall be properly guarded.
Manufacturer’s operating instructions shall be followed.

NOTE Some relevant guidance can be found in the EN 16228 series.[1]

PPE should be provided in line with risk assessment and control procedures. In general, boots with
steel toe-caps and sole-plates and safety helmets should be worn to reduce risks of physical injury from
crushing, sharp objects and overhead hazards including moving parts of excavators, etc., together with
ear and eye protection as necessary.

Care should always be taken when operating machinery, to ensure that the machine is on a stable base
and the machine operator can see both what he is doing and what other site personnel are doing. Site
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personnel should always ensure that the machinery operator sees them before moving to take samples,
measure depths or make any other observation.

When carrying out augering by hand, particularly to great depths, care should be taken to ensure that
body strains do not result. When using motor-powered, augers care should be taken not to force the
auger or run at too high a rate in order to reduce the possibility of accident due to obstructions or
similar sharp change in movement.

In wet ground and where there is the possibility of splashing with contaminated material, personnel
should either stand beyond the range of splashing or should be protected so that splashing cannot affect

them—Particutarcareshoutdbetakenrtoprotectthe faceand-threeyes—

Wkhen working with machines which are powered by internal combustion engines, care should b taken to
ensure that personnel involved do not stand in a location which permits the inhalation of exhaugt fumes.

Whhen working with electrically powered machinery, it is essential that the equipment be|in a safe
electrical condition and operates at a safe voltage. Where there is risk of flaminable gases pr fumes,
then intrinsically safe equipment should be used.

Cqre should be exercised in moving machinery of any sort over ground.for the first time, in dase there
arle areas which are soft or will collapse under the weight of the machine. During site invegtigations
where there is extensive vegetation, it is essential to check that theToute of the machinery| does not
crpss soft ground, voids, or depressions before moving into place

Where there are overhead electric power cables, all investigations should be kept a safe distgnce from
the cables. Particular care is necessary with respect to.stirveyor’s poles and tall machinery such as
excavators and drilling rigs.

If necessary, a safety zone adjacent to the line of(the cable should be clearly marked using brightly
coloured hazard warning tape or other suitable theans.

710 Buildings and other structures

Cdre should be exercised while on sitedn relation to the physical state of buildings. Dilapidated[buildings
shiould not be entered, and such buildings should also be treated with caution where there is a gossibility
of|falling masonry or other debris. (e.g. glass, sharp metal objects). Where loose asbestos is infevidence,
thle area should be avoided uitil'appropriate precautions can be taken (either sealing or remgval of the
aspestos or wearing respiratery protection equipment to enable sampling to be carried out).

Pdrsonnel entering old\buildings should consider rooms entered as potential confined spaces. Closing
dqors can create a“confined space” where gases previously vented could build up creating a hazard to
the personnel entering the room and creating the confined space, as well as to other persons who might
later enter the‘property.

On very centaminated sites, initial observations should be made from the perimeter using bjinoculars
or|a videocamera.

NOTE For detailed useful guidance, see Reference [26].

7.11 Unexploded ordnance and other explosive hazards

Where there is the possibility of munitions or explosives residues, the assistance of a specialist should
be obtained to ensure that the site has been cleared and made safe before the commencement of any
on-site work.

NOTE The presence of unexploded bombs and mines, etc. from former wartime activities or, for example, on
military proofing grounds can present a hazard. Hazards due to explosives residues and munitions are also likely
to exist at sites which have produced and handled explosives and munitions. For some relevant guidance, see
Reference [14].
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7.12 Extreme weather conditions

Extreme weather conditions (e.g. very hot or cold climate) can present significant hazards. These need
to be taken into account when planning work and selecting protective equipment.

NOTE1 Even in fairly temperate climates, prolonged unprotected exposure to sun can be injurious. In
addition, the risks of heat fatigue for those wearing heavy protective gear is enhanced.

NOTE 2  In addition to the direct effects of low temperatures, wet or icy ground conditions increase the risk
of injury due to slipping. Wet sticky conditions can make it difficult for workers to get out of the way of moving
machinery.

NOTE 3 | Dehydration is a particular hazard for those with pre-existing medical conditions such as diabétes.

8 Safety procedures — Specific activities

8.1 Genheral

Each sitelshould be studied prior to a visit and safety procedures reviewed in the light of the particular
features Involved. In the case of agricultural investigations, little variation is likely to be required frgm
one site tp another. In the case of contaminated site investigations, althoughthe general requiremerts
will be donsistent, there are likely to be particular precautions or more stringent application |of
precautigns due to the features of a particular site.

In most cpses, a minimum of two people should be on a site, with means of external communication| If
only one person is on site, e.g. for agricultural purposes, somesystem of reporting should be establishpd
to ensur¢ the safety and well-being of the site worker.

Upon conppletion of the sampling, any protective clothing should be carefully removed and wrapped ip
to prevent spread of contamination. If the clothing isto be cleaned, it should be sent to an approprigte
specialist cleaner together with a note of any particularly dangerous contamination which might hae
occurred| Clothing and other protective equipment should not be taken to any residence for washing|or
cleaning yinder any circumstances.

Hands and face should be washed after the end of contact with potentially harmful substances ahd
always be¢fore eating or leaving the site:

Sample egquipment should be cléansed and any contaminants contained to prevent their spread (see
Reference¢ [15]). The samples should be prepared for despatch with suitable labels, ensuring that there
is no contaminated material-on the outside of the container. There should be a special note on the lahel
to advise| the laboratory,“or other persons receiving the sample, if there is any known or suspectpd
contamination which presents a particular hazard. The method of despatch should ensure that samples
arrive at their destination without spillage or distribution of contamination, and in accordance with the
testing laporatory‘s)sample safety requirements.

National [regtilations and legislation regarding packaging and transport of hazardous materials and
wastes cquld exist and may need to be taken into account.

8.2 Protection of buildings and installations including underground utilities

Excavations shall be planned with respect to slope stability, stability of the ground, stability of adjacent
buildings and possible emissions of hazardous substances from contaminated ground. If a problem is
suspected, driven probes or drilling should be used instead of excavations.

On all sites irrespective of their history, the locations of any below-ground services (utilities) should
be identified to prevent damage before commencement of the site work. This can sometimes be done
by consultation with the land owner and the service/utilities suppliers/companies. However, it could
be necessary to carry out a survey for services by physical tracing and geophysical techniques (see
Reference [12]).
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Even when the service locations have been identified, the sample location should be checked with
a service monitor before commencement (see for example, References [11] and [12]). If there is any
doubt about the possibility of services being present, the initial excavation down to 1 m to 1,5 m, or
the maximum possible depth of the services, should be carried out by hand or vacuum excavation.
Even when this has been done, all excavations should be carefully observed for signs of buried services
irrespective of whether utility surveys have been carried out or starter pits employed.

In agricultural surveys, features such as irrigation and drainage lines should be identified and care
taken to identify water, gas and fuel oil distribution lines which often cross fields and other open land.

Wrm-mmm%mmmmsﬁgmmm-nce from
the cables. Particular care is necessary with respect to surveyor’s poles and tall machinerly such as

excavators and drilling rigs. If necessary, a safety zone adjacent to the line of the cable sHould pe clearly
mprked using brightly coloured hazard warning tape or other suitable means.

8.3 Safety on agricultural sites (see also 6.4 and B.2)
Cdre should be exercised on ploughed fields and fields which are covered by-tall vegetation.

Pgrticular care should be exercised if working near bodies of water such as streams, podls, rivers
anld lakes, and also in the vicinity of slurry or manure storage and.iPmachinery is used for sampling.
Pgrticular care should be exercised if it is known or suspected that there has been recent treptment of
the land with chemicals or there is some feature of the land which might present a hazard.

The presence of livestock should be noted and, if necessary, arrangements made for their r¢moval to
arnjother location before commencing the site work.

8.4 Safety on contaminated sites (see also<6.4 and B.3)

8.4.1 Preliminary investigation and site reconnaissance

Cdre should be taken to ensure the safetyof the investigator when a preliminary site reconnajssance is
carried out prior to commencing the full site investigation, particularly as all potential hazards might
ndt have been identified at that tirme!

A full desk study as described-in ISO 18400-202 should be carried out before the site reconpaissance
vipit, so that potential chentical, physical (e.g. below-ground cavities), biological and other hagards can
bq identified and any necessary protective measures identified.

Equipment should be brought to site with the necessary provision for cleaning, (see Referencq [15]).
Cdre should be‘exercised while on site in relation to the physical state of buildings (see 7.10).
Pgrsonnel €ntering old buildings should consider rooms entered as potential confined spaces (see 7.10).

On very(Contaminated sites, initial observations should be made from the perimeter using bjinoculars
or]avideo camera.

If during the site reconnaissance carried out as part of a preliminary investigation (see ISO 18400-202)
anything is seen that is considered likely to pose an immediate threat to human health and safety or
the environment, this should be reported immediately to whoever is in control of the site so that any
essential urgent action can be taken.

NOTE There might be a duty under the health and safety legislation and/or a professional code of conduct to
do this.
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8.4.2 Field investigations — General

The desk study and site reconnaissance carried out prior to the on-site work should, among other
things, indicate:

— potential for below ground cavities, voids and storage tanks;
— existence and location of services;

— locations of unsafe buildings;

— locatjon of neighbours;

— locatjon of party walls (i.e. walls shared with other buildings or land holdings);
— locatjon of surface water features;

— locatjon of asbestos requiring precautions.

On serioysly contaminated sites, it could be appropriate to have a designated clean-area, with access|to
and from|the site by way of a decontamination unit. All eating, drinking and smoking is then restrictpd
to this delsignated clean area.

It is essential to avoid damage to any mains services, if necessary by using-hand or vacuum excavatign.
Even if the information provided indicates that the services are disconnected, caution should be uséd,
particulafly concerning electrical services.

Before cdqmmencement of the investigation, it should be know1iywhether below-ground voids are to pe
entered gnd provision made for shoring the walls of any exeavation. Other precautions should also pe
taken, suth as the supply of safety harnesses and breathiiig apparatus and appropriate confined space
training. [f the need to enter a below-ground void becomes apparent during the course of the site work,
it is impefative that full precautions be taken to proteet the investigators, even if this entails returnipg
to the sit¢ on another occasion.

Provision] should be made for either cleaning sampling equipment on site or for suitable wrappipng
for the equipment so that distribution of contamination does not occur while the equipment is beipg

— provisiono
— atraffic management plan.

NOTE Guidance on safe drilling and investigation practices is given in a number of industry documents (see
References [16] to[24]).

8.4.3 Field investigations — Soil gas

The guidance provided in 8.4.2 should be followed as appropriate.
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For reasons of safety, water flushing should be used when drilling in productive coal measures (see
Reference [16]).

NOTE 1

References [16] to[24]).

NOTE 2  Injudicious choice of drilling method can cause risks to drillers due to gas coming out of bor
also cause risks to the public (e.g. the occupants and users of neighbouring buildings due to displacement of gas
from the location where drilling is taking place (see Reference [16]).

a)

b)
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Guidance on safe drilling and investigation practices is given in a number of industry documents (see

eholes and

A number of serious incidents have occurred as a result of surface emissions of toxic gases into houses during

where carbon monoxide has been measured or inferred as entering houses from the mine worki

reduce the likelihood of a dangerous incident happening.

Reference [25]).

fety precautions are required when it is considered that-tadon could be encountered at high enough

ely to be significant.

the investigation and treatment of nearby former coal mine workings. Of particular concern arg incidents

hgs below.

Mine workings can also contain methane, hydrogen sulfide, carbon dioxide and oxygen-deficieng-air, all of
which can be hazardous to health if emitted at the surface (see References [16] and[25]).'For gyidance on
the general procedures to be adopted when drilling or piling into former coal mine workings (inclyding mine
entries) and unworked coal, see Reference [16]. Following the advice contained in the.guidance will greatly

Following a reported leak of petrol (over 60 000 1) at a service station, gxploratory investigafions were
undertaken to assess the extent and severity of the associated contamination. The petrol vapoulrs present
in the subsurface had migrated beneath a neighbouring residentia}-preperty, accumulated and ignited,
resulting in an explosion. Later investigations into the incident suggested that the use of air-flugh drilling
techniques could have exacerbated the potential for the migrationyef the vapours and then explosion (see

TE3 Radon occurs naturally at varying concentrations in‘thany parts of the world. It is commor]ly present
mine gas and can also be released from groundwater when.it is extracted from the ground. It can|also arise
m deposited wastes such as those from the nuclear industry, phosphorus slags, and coal ash. Appropriate

levels and

" sufficient duration to pose a hazard. Radon exposure in the open air around a small diameter borehole is not
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Annex A
(informative)

Routes of exposure to hazard

A1l Extosure by contact

Direct contact with chemicals such as chlorinated solvents, benzene, tars, oils and greases;sphend[s,
chromium(VI) compounds, pesticides (e.g. insecticides, herbicides, fungicides) and manycethiers can
result in ¢ffects on humans. These effects can result in the development of skin rashes orn.irpitation and
other dermal effects and, where absorption occurs, more serious effects could result.

Some chemicals are potentially carcinogenic, mutagenic and/or teratogenic through'skin contact. Other
chemicals are allergenic or sensitizing agents.

The degrgasing effect of solvents and oils also reduces the ability of the sKif to prevent absorption|of
compounds and to prevent infection.

Some chgmicals can be absorbed through the skin with adverse effects if the contact is sufficiently
prolongedl or of sufficient concentration. If the skin is broken duéto’cuts or abrasion, then absorptipn
occurs much more readily and bacterial infections can beycaused very easily, e.g. tetanus and
suppuratjons. Weil’s disease can be transmitted through breaks in the skin but the causative organigm
(Leptospifra) can also penetrate the skin if it is softened byprolonged exposure to water.

The eyes|can suffer from contact as a result of splashing when dealing with liquids and wet materigl,
and also |y transfer from dirty hands, gloves or other articles of clothing. The eyes can suffer frqm
irritation|which might clear up as a result of bathing, but particulate matter might cause scratching and
solvents ¢an cause permanent damage.

A.2 Exposure through ingestion

Contaminants from a site can be jngested by eating food, smoking, taking refreshment, or wiping of the
face withlhands or gloves which have been dirtied with contaminated material.

Because fthe mucous membranes are generally more sensitive than skin, much less contaminatipn
is required to cause anadverse reaction. If contaminated material is inadvertently swallowed, then
stomach fipsets, infectieiis and other short-term effects can ensue. It is also possible that ingestion will
lead to mpre rapid-ahSorption of toxic material and can also result in longer-term adverse effects.

A.3 ExpoSsure through inhalation

The presence of gases and vapours can cause a variety of effects ranging from headaches to death, the
degree of severity depending upon the toxicity of the chemical and the severity of the exposure. Carbon
dioxide and hydrogen sulfide both cause the above range of reactions. Solvents and similar compounds
can give rise to narcotic effects.

The effects caused by some compounds can be enhanced where the inhalation is a result of smoking,
since the heat of the tobacco can cause the formation of breakdown products more toxic than the original
fumes, for example, chlorinated solvent vapours are converted to carbonyl chloride (COCl; phosgene)
by the heat of a cigarette.

Exposure can also occur through inhalation of dust, fibres and fumes. The hazard from dusts can be
due to different effects. For example, silica and asbestos are not active chemically but can be dangerous
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when inhaled. Other dusts which contain polyaromatic hydrocarbons or dioxins can cause cancers,
while other chemicals can have toxic effects.

Exposure by inhalation can arise from the sampling process (e.g. inhalation of the exhaust fumes or
dust from drilling concrete) rather than from contaminants within the site.

The effects of exposure by inhalation varies; with some compounds, the effects can be readily reversed
by removal from exposure, while in other cases, more serious long-term effects result, requiring a much
longer recovery period.

Some pnnp]n are n]]nrgir‘l/cnncifivn to traces of some gases. and are liable tg r‘n”apcp and require

asisistance if affected.

Al4 Exposure to physical hazards

Physical hazards can range from simple damage to limbs and joints, as in sprains and brokgn bones,
thirough to more serious injuries due to being hit by excavators or falling oniequipment such as augers.
Urllrstable ground around excavations, boggy ground and bodies of water, €an result in physi¢al injury,
ingestion of contamination material, and possibly in drowning.

Excavations, such as trial pits, can present a particular hazard (see %8).

NOQTE See also B.1.5.

Al5 Exposure to fire and explosions

The presence of underground fires can present a hazard due to the formation of underground cavities,
brieakout of flames and the formation of toxic gases; including carbon dioxide and carbon moZIinde.

The presence of flammable and explosive gases in situations such as landfills and when underground
tapks are present can pose a hazard, particularly if some form of ignition is inadvertently proyided.

The presence of unexploded bombs.and mines, etc. from former wartime activities can alsp present
a hazard. Hazards due to explosives residues and munitions are likely to exist at sites which have
prioduced and handled explosives and munitions. Where there is the possibility of murnitions or
explosives residues, the assistance of a specialist could be necessary to ensure that the site(has been
cl¢gared and made safe beforethe commencement of any on-site work.

Uge of explosives could’/be necessary in very hard ground situations (for example, in pgrmafrost
rejgions).

Al6 Extreine weather conditions

Extreme weather conditions (e.g. very hot or cold climate) can present significant hazards that need to
be taken into account when planning work and selecting protective equipment. Personnel mlight need
priotection against exposure to excessive UV.

NOTE1 Evenin fairly temperate climate, prolonged unprotected exposure to sun can be injurious. In addition,
the risks of heat fatigue for those wearing heavy protective gear is enhanced.

NOTE 2 In addition to the direct effects of lows temperatures, wet or icy ground conditions increase the risk
of injury due to slipping. Wet sticky conditions can make it difficult for workers to get out of the way of moving
machinery.

NOTE3  Dehydration is a particular hazard for those with pre-existing medical conditions such as diabetes.
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Annex B
(informative)

Potential on-site hazard relating to sampling and the area of

investigation
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azards due to solid and liquid chemicals

lue to solid and liquid chemicals might be very obvious (as in the case of chemicals remaini

). When devising a safe method of investigation and sampling, both\situations should
d and appropriate precautions taken.

rd could be presented by direct contact due to lack of protective clothing or contact throu
bion by hands. Where dusts are formed, inhalation can occur. Where wet conditions exist
liquids, inadvertent contact due to splashing is possible.

azards due to gases

5t site investigations are carried out in the open-aif hazardous concentrations of gases rarg
ue to dilution by the atmosphere. However, there are recorded cases of drilling crews bei

by fumes and being hospitalized, thus.cajition should be exercised when assessing t
hazards. In addition, some people are allergic/sensitive to traces of some gases and are lial
e and require assistance if affected.

ible, in particular situations (where there is active anaerobic degradation and substant
ceneration, for example in landfillsites), that dilution of the gas by the atmosphere could bri
ntration of methane to within the explosive range.

centrations of gases canstill cause symptoms such as headaches and runny eyes and are th
le.

reme condjtions can be fatal.
1sts of internal combustion engines emit fumes which can present a hazard.

e investigation requires entry into deep excavations or confined spaces, particularly tho

below gr

tuations, although dilutionby the atmosphere prevents exposure to hazardous concentratioTls,

ng

er industrial site) or might not be immediately apparent (for instance, inghe case of pesticides

be
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or

ly
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ng

chinery with elosed unventilated cabs can lead to the development of toxic atmospheres which

und level, the build-up of explosive and/or toxic gases and the formation of an atmosphe

which is deficient in oxygen is a possibility.

B.1.3 Hazards due to biological agents (bacteria and viruses)

Although accidents due to biological reasons rarely occur, there is a potential for illness due to the
widespread nature of bacteria and viruses. These illnesses need not be fatal and might not necessarily
be diagnosed as associated with the work that has been carried out. Because of the widespread
distribution of bacteria, it is worthwhile considering the hazards that they could present and also
taking precautions to prevent any adverse effects from them, however mild. One of the main causes of

infection
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from soil is breaks in the skin.
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Some biological hazards are not site-specific [e.g. tetanus (Clostridium tetani), Clostridium difficile
and Clostridium perfingens (the main causative agent of Gangrene), typhoid (typhus) and Weil's
disease (Leptospira)] and require appropriate general precautions in addition to any local prevention.
Clostridium spores, like those of Bacillus anthracis can remain dormant in soil for many years.

Weil’s disease (Leptospira jaundice) occurs as a result of contact with water which has been
contaminated by rodent urine. The disease is notifiable (in some jurisdictions) and requires hospital
treatment. It can quickly lead to kidney or liver failure which can be fatal (about one in 20 dies after
infection). Symptoms appear about 3 to 20 days after exposure and are flu-like. Early diagnosis is
essential — there is a specific blood test that can yield results in a few hours.

AILy outdoor body of water might therefore be a source of hazard, as can areas where there‘\has been a
high rat population, for instance landfill sites. Weil’s disease can be transmitted through'breaks in the
skiin but the causative organism (Leptospira) can also penetrate the skin if it is softened by prolonged
exposure to water. To reduce the risks, appropriate waterproof clothing should, bgworn, all injuries
or] skin lesions should be covered with waterproof plasters or similar, and food should not{ be eaten
wlthout first washing the hands.

Anthrax spores (Bacillus anthracis) can also present a hazard. These might be encountered, among
other places, on sites associated with the tanning industry.

“Fpot and mouth disease” (Apthovirus picornaviridae) is among aniimal diseases that can also spmetimes
affect humans.

In[the tropics in particular, “jiggers” and hookworm can be’spread by contact with infected sqil.

NOQTE See also B.2.4 with particular reference to agricultural sites.

B./1.4 Hazards due to radiation

R3diation hazard is not usually very great inl@ny normal site investigation or sampling exefcise. The
presence of a radiation hazard due to previous operations at a site should be identified by| the desk
stidy. With any site investigation, the transient nature of the exposure should ensure that harmful
rzriioactive dosages are not received, biit the need for precautions and personnel monitoring should be
considered.

BJ1.5 Hazards due to topagraphy;, etc.

Hazards due to physical features are part of normal daily life. However, for site investigators and
Sjmpling personnel dealing with an area with which they are not familiar, these same physical features
can present a real@ndunexpected hazard. In some cases, they could be life-threatening, butfare more
likely to result i injuries to limbs, such as sprains and broken bones.

The ground-can be unexpectedly uneven and features such as potholes and kerbs might be lhidden by
vegetation.'@n derelict sites, reinforcing bars and other debris can also cause tripping if care is not
exercised: The presence of broken glass can increase the hazard from falling.

Pdrsehnel working at the base of slopes or cliff faces could be at risk from rock/soil falls/slides.
Personnel must be fully vigilant of the condition of the feature, as well as works within the near vicinity
which could promote instability prior to surveying or sampling the slope or face. Consultation should
always be made with quarry managers and land owners prior to attending slopes/faces.

Excavations can present a hazard due to possible collapse of unstable sides, and below-ground cavities
can present a hazard where their presence is not obvious or where their cover is insufficient to support
weight, e.g. cavities formed as a result of below-ground combustion.

Overhead electrical cables present a hazard, particularly when using surveying poles and tall machinery
(backhoe excavators, drilling rigs), which can short-circuit, causing electrocution.

Use of machines for excavation or construction of boreholes normally results in fairly rapid penetration
of the ground. If mains services are present, this can result in high risk and damage. In the case of
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electrical supply, this can have serious consequences but there is also a risk if gas service lines are
involved. Damage to water pipes presents a risk to the users of the water, can undermine other services
(e.g. gas and electricity) and the sides of excavations, and consequently sometimes site investigation
personnel.

B.1.6 Hazards due to machines

Any machinery can be hazardous if not operated correctly with regard to the manufacturer’s
instructions and the safety requirements which apply. However, in many cases, these aspects are not
wholly observed or appreciated.

When esflablishing a sampling location by breaking through concrete, the breaking of the concrete ‘can
result in hazardous flying particles.

Noise from machinery can be a hazard, particularly when using concrete-breakers and heavyymachinery.

When carfjrying out augering by hand, particularly to great depths, body strains can oceun With powerpd
augers, forcing the auger or running at too high a rate can result in an accident due to obstructions
encountefed or other causes of a sharp change in movement.

Machineq should always be operated in the correct manner. With large driver-operated machines, ifjis
important that investigation personnel do not expose themselves to the riskof being hit by the machipe
as it is operated, either by standing too close or carrying out operatjoris where the driver cannot see
them. Unfrained personnel should never operate such machines.

All movirlg parts on machinery, especially drilling and boring equipment, shall be properly guarded.

With any| machine, but particularly with larger machines;>care should be taken when traversing a
site to enjsure that the ground does not collapse under the 'weight of the machine. This is particulafly
important in areas of dense vegetation and areas where there is the possibility of below-ground voids
(subsider]ce, old empty tanks, and combustion).

Machineg which become bogged down can present hazards due to the unexpected movement as the
problem pccurs and subsequent sudden moyeinient as the machine is extricated.

Machineg powered by internal combustion-engines can present a hazard due to the exhaust emissions.

Electrically powered machinery cambe hazardous due to the possibility of current leakage to earth [or
short cirduits.

Use of machines for excavating-where mains services are located can result in damage to the serviges
and hazard to the operatef-and investigators.

B.2 Particular-hazards on agricultural sites

B.2.1 General

H d et £ | H 1 1. rollosrs A | + las H 1 4+ . | o ]
azards catmrextstonrarmsana dglituituldr Histdiidtiulls uut LU HHIaLlIIIicl y, dIdLs, StUrtu CIITIHITIT JS,

stored produce and facilities such as silage pits, slurry storage areas and lagoons.

Hazards can also arise due to use of farm buildings for non-agricultural purposes, e.g. when buildings
are rented out for such activities as vehicle servicing and painting (see also 1SO 18400-202%) and
ISO 18400-2052)).

B.2.2 Hazards due to chemicals (see also B.1.1)

A wide range of chemicals is applied to agricultural areas for widely different reasons. The method of
application can also vary considerably. Chemicals applied include fertilisers such as ammonium nitrate,

2) Under preparation.
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lime, compound fertilisers, mineral dressings for adding trace metals, pesticides (e.g. insecticides,
herbicides, fungicides) and pollutants in organic wastes used for application to soil.

Chemicals and soil amendment materials such as sewage sludge can be applied by injection directly
into the ground below the surface by spreading on to the surface, by scattering on the surface or by
spraying from land machines and aircraft.

Where material is applied directly, occasional over-treatment can occur due to machine stoppage or
breakdown, which can result in increased chemical concentrations and greater hazards. This is unlikely
with aerial spraying but could occur with machine spraying.

T:}e amount of chemical needed to present a hazard varies with the nature of the chemical, with organic
chemicals (including certain pesticides) probably presenting the greatest hazard and mineraljadditives
priesenting the least.

In|areas of repeated application, accumulation of chemicals can occur, particularly ef inorganic agents
arld persistent organic chemicals.

BJ2.3 Hazards due to gases (see also B.1.2)

There is not likely to be any particular hazard due to gases in-agricultural areas. In isolated
cifcumstances, the release of hydrogen sulfide could occur from boggy ground which is disfurbed by
sampling, or where poor quality sewage sludge has been recently applied to an area. Great¢r hazard
cquld exist where an agricultural site has been created over aformer refuse site, or around pits used for
byrial of animal carcasses where decay is not complete.

BJj2.4 Hazards due to biological agents (bacteria’and viruses) (see also B.1.3)

Application of sewage sludge and animal wastes,to-land can result in a very high bacterial pgpulation.
Whhere digested sludge is applied, the proportion of pathogenic bacteria is greatly reduced ¢gompared
wlth the original primary sludge. However, where primary sludge is applied, the presence of pathogenic
bgcteria and of viruses can present a serigs hazard to the sampler, particularly during application. Care
should be taken not to enter an area where an aerosol is being created during the spreading operations.
The risk from sewage sludge is generally reduced significantly about one year after applicatiop.

The presence of faeces from animals and birds can also present a hazard if contact with such material
isinot avoided.

Other potential hazards “include anthrax and other animal-derived pathogens. These dan occur
pdrticularly where animal carcasses have been buried or animal skins treated.

In|some jurisdictiens, “foot and mouth disease” (Aphthovirus picornaviridae) and other animal disease
hgve been contpelled by slaughter followed by burning and mass burial of carcases on agricultural land.
Sych pits presént significant hazards. Not only could there be exposure to disease organism if they are
dipturbedbut the ground could be unstable and hazardous gases being generated. In some jurifdictions,
it |s illegal to open such pits.

NQTE For guidance on the construction of burial pits, see Reference [6]

B.2.5 Hazards due to radiation (see also B.1.4)

Radiation hazards normally only exist from the existence of fall-out, due to either a public incident or
proximity of a nuclear installation. For such occasions on-site, it will be self-evident that a hazard could
exist and that consequently precautions are required.

B.2.6 Hazards due to topography

The hazard varies according to the nature of the site, with a ploughed field or similar unevenness
presenting a risk if care is not taken in traversing the area. On grassland, rabbit burrows (and other
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animal holes) require caution, particularly where the ground vegetation is tall and rank so that the
actual ground cannot be seen and holes and sharp depressions can be concealed.

Areas of soft ground due to waterlogging can present a particularly serious hazard when such land is
concealed by vegetation cover.

B.2.7 Hazards due to machines (see also B.1.6)

While there are few hazards involved when hand-tools are used provided these are of an appropriate
size and weight for the operator, flints can be shattered by augers, picks, spades, etc. giving very sharp
edges whiichare a distinct hazard.

Sampling|for agricultural purposesis carried out in most cases using hand augers down to approximately
1,2 mbgl [though this can be increased in suitable ground by using extendable augers), or by.a wheelgd,
or trackefl vehicle with a mechanical auger or probe.

When hapd-augering down to approximately 1,2 mbgl, there are usually few hazards when normal
physical ¢xertion is applied. The use of machines presents a greater hazard, since they could fall over
and causeg crushing if placed in an unstable situation, and carelessness or uncontrolled movement coyld
result in $imilar injuries.

All movirlg parts on machinery, especially drilling and boring equipmentshall be properly guarded.

B.2.8 Hazards from livestock

Arrangerhents should be made with the operator of agricultural.land for access, prior to entering the
site. Thege should include removing potentially dangerous ‘animals from the working area and the
removal ¢f any animals that could be at risk from the site werks.

B.3 Particular hazards in contamination investigations

B.3.1 General

An essenfial preliminary to visiting a site, whether for reconnaissance or sampling, is the desk stufly
(see ISO [18400-202). This will give some guidance on the chemical, physical and biological hazards
which colild be present; enable an appreciation of the problems these might cause and help to identify
what prefautionary measures are€ appropriate.

B.3.2 Hazards due to chemicals (see also B.1.1)

Knowledge of the formet uses of the site will give some indication of the chemicals that might be presgnt
and hence some indication of the specific hazards. There is always a greater hazard on such sites than
on undeyeloped ateas because of the potential presence of contaminated materials and chemicalls.
However,| this_hazard is greatly increased when dealing with sites which have used or generatpd
chemicals orhave been used for the disposal of waste. These sites include gas works and any form|of
chemical |manufacture, including fertilizers, pharmaceuticals and pesticides, and sites used for toxic
waste disposal. It should be remembered that the majority of Industrial sites have used chemicals to
some extent, many of which are toxic and that many will have used hydrocarbon fuels.

B.3.3 Hazards due to gases (see also B.1.2)

Various toxic gases, including in particular hydrogen sulfide and hydrogen cyanide, might exist in sites
contaminated by former use. These gases can be released by excavation and present a hazard.

Other gases can exist on sites used for chemical production or handling. This possibility should be
identified by the desk study and from historical information on the former use of the site.

Carbon dioxide and carbon monoxide can be trapped in the ground where underground combustion
has occurred or is currently occurring.
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