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SAFETY GUIDELINES FOR LIGHTWAVE TRANSMISSION SYSTEMS

PAGE cially designated as invisible, most people can see
light at wavelength s up to approxi mate ly 1 microme­
ter . Lasers and laser produ cts are subj ect to federal
and state regulations as well as company standards

3 for the safe use of laser s.

4 LOS Lightwave systems using LED transmitters
generally emit light at wavelengths longer

4 than 1.0 micrometer (1000 nanom eters ). The se wave­
lengths are in th e near infrared region of the spec-

S t rum and usually cannot be detected by th e human
eye.

1.02 Whenever this sectio n is reiss uea, the reason
for reissu e will be listed in this paragraph.

1.01 This sectio n identifies potential hazards to
safety and health associated with lightwave

transmission systems and prescribes guidelines for
their evaluation and control.

Lightguide Cable Splicing and
Splice Testing

1.07 Some of th e secti ons th at must be read before
it is safe to work on lightwave transmission

systems ar e:

1.06 The manufacture of lasers and laser products
(does not includ e LEDs ) is regulated by the

Nationa l Center for Devices and Radiological Health
(NCDRH ). Copies of these regul ations are avail able
from the Public Health Service of th e Department of
Hea lth and Human Services as FDA Publication
79-8035. These regulat ions require manufacturers to
certify each laser or laser product as a class I, II, IlIa,
IIIb, or IV device or system, depending upon the char­
acteristics of the laser emission. In addition, specific
labeling, int erlock, beam attenuation, etc, require­
ments are specified for each class. Variou s states also
have issued user regulations covering lasers and
laser products and a listing of these st ates is included
in Tab le A. Additional information may be obtained
from the Compan y Safety Coordinator . Operating
telep hone companies must comply with the specific
regulations that appl y in th eir particular states.
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1. GENERAL

1.03 The intent of this section is to provide guide-
lines for the safe use of Lightwave Transmis­

sion Systems (LTS) such as the FT3, FT3C, or similar
digital lightwave systems that ut ilize both laser and
light-emitting diode (LED) transmitters. These
guidelines are intended for use by personnel who are
responsible for the installat ion, operation, servicing,
and repair of lightwave transmission systems owned,
operated by, or under the direction of the operating
telephone companies.

1.04 The existing FT3, FT3C, and similar systems
and th e associated optical test sets use semi­

conduc tor laser transmitters that emit light at wave­
lengths of 0.82 micrometer (820 nanometers) or
longer into Iightguide cables. The emitted light is at
the red end of the visible spectrum. Although offi-
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TABLE A

STATE AGENCY TITLE/ DATE

STATES WITH CURRENT REGULATIONS, INQ UDING REGISTRATION

Alaska Dept. Envir. Conser . Title 18, Art. 7 and 8 10/71
Georgia Dept . Healt h Ch 270-5-27 9/1/7.1
Illinois Dept. Pub. Hea lt h Registration Law 8/ 11/67
Massachu setts Dept. Pub. Health Sect. 51, Ch 111 10/7 / 10
New York Dept. Labor Code Rule 50 8/1/72
Pennsylvania Dept. Envir . Resource Ch 203, Titl e 25, Part 1 11/1 /71
Texas Dept. Health Radiation Control Act , Parts 50, 60,70 7/2/74

STATES WITH EXISTING REGULATIONS OR VOLUNTARY REGULATIONS WITH NO REGISTRATION REOUIREMENT

Missour i Dept. Heal th Exist ing Ionizing Regulation Applies
Montana* Dept. Heal th and Envir . Sciences Reg: 92-003
Virginia Dept. Health Voluntary Program
Washington Dept. Lab. and Ind . Ch 296-62-WAC

STATES WITH ENABUNG LEGISLATION PASSED

Arizona" HB-5 8/ 11/70
Arkansas" Public Hea lth Act 460
Florida* Div. Health Ch 501-122
Louisiana* Div. Radia tion Cont rol HB-1165 7/31/68
Mississippi* Dept. Heal th HB-499 4/24 /64
Oklahoma* Health Dept. HB-1405 4/ 14/69

STATES WITH EXISTING OSHA.STATEAGREEMENTS (NOTE 1)

Californi a Labor Dept . OSHA State
Colorado Labor Dept. OSHA Sta te
Connect icut Labor Dept. OSHA State
Minnesota Labor Dept. OSHA State
North Carolina Labor Dept. OSHA State

STATES DRAFTING OR AWAITING PASSAGE OF REGULATIONS (NOTE 2)

Alabama Pending
Iowa Pend ing
Maine Health Eng. Pend ing
Michigan Pending
Nebraska Pending
New Hampsh ire Pending
New Mexico Envir . Impvt. Agency Pending
Oregon Health Division Pending
Wyoming Div. Health Pending

Note 1: Not covered by other st andards at state level.

N ote 2: En abling legislat ion not passed.

* New regulations now being drafted or pending pass age.
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2. LASER TRANSMISSION SYSTEMS

2.01 The FT3, FT3C, or similar lightwave digital
transmiss ion systems use a class Il lb semi ­

conductor laser t ra nsmitter . In normal operation,
these syste ms are totally enclosed and fully shielded
by protect ive devices. Under t hese conditions, there
is no access ible laser emission and, hence, it presents
no hazard to safety or hea lt h. For this reaso n, these
syste ms have been certified by th e NCDRH as class I
systems (exempt lasers and laser systems). All com­
ponents of the FT3 and FT3C systems and associated
test equi pment tha t can be removed, allowing access
to laser emission greater tha n the emiss ion limi ts of
class I, have been ident ified and labeled with the ap­
propr iate label as required by 21CFRI040.
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wavelength r egion (>1.2 microns). Thus, the
abs en ce of light d etection with the infrared
view er do es not verify tha t long wavelength
lightwa ve emission is not present. S ince cer­
tain installation and servic e operations re­
quire looking a t deenergized fibers or
connectors with eye loupes, a positive proce­
dure is n ecessary to ensure the absence of
long wa velength emis sion. To a void any pos­
sibility ofeye damage, therefore, no on e shall
attempt to ver i fy the presence ofa light s ign al
at the en d of a fiber or from a conn ector by
looking directly into the en d of the fiber or
connector. Th e infrared vie wer must be used
to determine ifa fiber is energized. In additio n,
under no circumstances should fiber continuity be
veri fied by shining a flas hlight into one end and
viewing the other end of the fiber . The recom mended
method for verifying fibe r conti nuity is the use of
opt ical loss test sets per Sectio ns 640-252-106 and
-107.

2.02 The lightguide cables which inte rconnect vari -
ous components in th e syste ms can be deliber­

ately disconnected or accidenta lly broken and, under
some circumsta nces, can per mit hum an access to
lightwave emiss ion.

2.03 In addit ion, certain measuring, service, and
installati on procedures may permit dir ect ac­

cess to the emissio n from the class Hl b semiconduc­
tor laser . Normally, emiss ion fr om a class Illb laser
can cause damage to the retina of the eye. However ,
th e emiss ion pat tern of a semiconducto r laser is a
highl y divergent beam unlike solid-state and gas la­
sers. This means tha t the power density in the beam
and, hence, any potent ial risk for eye injury de­
crea ses rapidly with dist an ce fr om the outp ut con­
nector. Inad ver tently viewing an unterminated,
energized, light guide connecto r with the unaided eye
at distan ces greater than 5 or 6 inches from th e con­
nector will not cause eye injury; for example, when
looking into a vacant regenerator slot on the FT3 or
FT3C systems with th e unaided eye. However , dam ­
age may be possible if an opt ical instrument is used
to view the laser emission. Optical instruments, as
used here, includ es a micros cope, magnifying glass,
eye loupe, etc , but does not include correcti ve eyewear
or an indirect image converter such as the infrared
viewer. (See Section 640-010-030.)

2.04 DANGER: The present infrared v.ie w er
in general use in the field was not de­

signed to detect light emission in the long

2.05 Unt il a fil tered eye loupe or an indirect image
converter that responds to wavele ngt hs

grea ter t ha n 1.2 micrometer s is available, the follow­
ing guidelines should be followed:

(a) Dur ing install at ion of a system, when no sin-
gle fibe r ju mpers or plug-in equip ment are

prese nt, use only a 0.8- to 0.9-micron optical loss
test set (OLTS) and an inf ra red viewer for cont i­
nuity or broken fiber checks .

(b) During loss measurements of a span, ensure
that no splicing oper atio ns are being per­

form ed and that no one at the te rmina ls is using
any opt ical inst ruments . Main tain positi ve com­
mun ications between the te rminals und er test
during th e measurement.

(c) Dur ing serv ice or restoration activities or
whenever energized lasers or LED s are pres­

ent, use the following routine:

(I) Establish communicati ons; terminals to
splice location .

(2) Verify at the terminals that the fibers Or

ribb ons to be worked on do not ha ve equip­
ment connected.
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(3) Using th e 0.82-micron OLTS at th e terminal
and the infra red viewer at the splice, check

fiber and ribbon identity.

(4) Afte r identificat ion, remove th e OLTS
source and not ify th e splicer .

(5) Splicer checks once more wit h the infra red
viewer to ens ure that th e OLTS is removed.

(6) If no light is detected in Step (5), the splicer
may exam ine the fiber s with an eye loupe.

(7) Splicer not ifies terminal end when exami­
nations are completed.

(8) Shou ld terminal ends be left unattended by
craft during fiber splicing work , fibers or

r ibbons being worked on sha ll be tagged to pre­
vent inadvertent connection of light sources. A
sample tag is shown in Fig. 1.

3 . LED SYSTEMS AND TEST SETS

3.01 Digital lightwave transmission systems that
use LED transmitters generally emit light at

wavelengths greater th an 1.0 micrometer (1000
na nomete rs) . The pote ntial r isk for injury fr om an
LED system is slightly less than that from a similar
sys tem using a lase r transmitter.

3. 02 Since th e type of transmitter may not alwa ys
be known, all safety procedu res that appl y to

the lase r systems shall also apply to t he LED systems
for purposes of unifor mity and safety. The only ex­
cept ion is that th ere is no requ irement for th e "Dan­
ger" label on the back plane of LED equipment, as
specified in parag rap h 5.01, for lase r equipment.

3 .03 There are, at present, two diff erent classes of
opt ical test sets in use: th e optical loss test set

(OLTS) and the optical t ime domain reflectomete r
(OTDR). Alt hough the Western Electric OTDR uses
a class I laser , many of those ava ilable from the gen­
era l trades, as well as th e OLTS, make use of class
IIIb lase rs . Thu s, all cont rol measures in Part 5 apply
to th e use of the optical loss tes t sets.

4 . SPECIFICRESPONSIBILITIES

4 .01 The Human Resources Department of the
Central Services Organizat ion (CSO); th e

Environmental Health, Environmental Management
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Fig. I-Sa mple War ning Tag

and Safety Depa rtment of Bell Laboratories; and the
Laser Studies Group of the Western Electric Engi­
neering Research Cente r are responsible for:

(a) Providing background infor mat ion on lase rs
and lightwave transmission systems

(b) Pro viding laser classification and laser safety
informat ion

(c) Pr oviding guidance on the use and adequacy of
laser safety equi pment and practi ces.

4 .02 The operating telephone company safety orga­
nization is an integral part of the lightwave

safety program. Their specific responsibili t ies in­
clude:

(a) Obtaining and mai ntaining an official file of
the app rop riate federal, state , local, and com-



pan y regulations applicable to ligh twave trans­
mission systems

(b) Ens uring that lightwave t ran smissio n sys­
tems are classified in accordance with all ap­

plicabl e regulations

(c) Conducting periodic safety surveys to ensure
that prescribed practices and procedu res are

being followed

(d) Coordinat ing the educational, engineering,
supervisory , and enforcemen t act iviti es re­

lated to th e safety program for lightwave trans­
mission systems.

4 .03 The supervisor in th e operat ing te lephone
company is responsible for maintaining safe

working conditions for all employees engaged in the
installa t ion, operation, or service aspects of light­
wave t ransmission systems . Specific responsibilities
include:

(a) Maintaining a work envi ronment that assur es
safe and healthful conditions for employees

(b) Ensuring that all employees working with
lightwave t ransmission systems or scheduled

to attend company schools for lightwave systems
t rai ning are included in the Medical Surveillance
Program described in Part 6

(c) Instructing employees periodi cally on the pre­
caution s, procedures, and practices that are

applicable to lightwave t ransmission systems

(d) En sur ing, insofar as poss ible, that lightwave
transmission systems and any associated test

equipment are properly operated and controlled to
protect transient or uninfo rmed personnel that
may be in the area.

4.04 Each employee engaged in the installation,
operation, or service of ligh twave transmis­

sion systems is responsible for :

(a) Observing all rule s, procedures, and practi ces
esta blished for the safe operation of these sys­

tems

(b) Notifyi ng supervi sion immediately of condi­
t ions or practices that have th e potential to

cause personal injury or property damage

ISS I , CSOP 010.110-010

(c) Report ing immediately to supervrsion any
known or suspec ted abnormal exposure to

laser radiation. See Part 5 for normal procedur es.

4 .05 The operating telephone company Medical
Director is responsibl e for initiating and con­

ducting a medical surveillan ce program (Par t 6) for
employees engag ed in the installation, operation, or
serv ice of lightwave transmission systems. Specific
respon sibilities includ e:

(a) Recommending t he placement only of those
employees whose physical health meets mini­

mum requirements for work with lightwave trans­
mission systems (Pa rt 7)

(b) Examining or arranging for the examination
of those employees required to have medical

exam ination (Part 6)

(c) Maintaining all records specified in Part 8 of
thi s section.

5 . SPECIFIC CONTROL MEASURES

5.01 Under norm al operating conditio ns, lightwave
transmission systems are completely enclosed

and the following precautions should be observed.

(a) Em ployees must not disconnect any
ligbtguide cable and look into the opti­

cal conn ector terminating th e cable be­
caus e of the potential r isk of eye damage.

(b) Becaus e viewing lightwave emission directly
wit h an optical inst rument (eg, a magnifying

glass, microscope, eye loupe, etc, but not correcti ve
eyewear or an indirect image converter such as an
infrared viewer ) greatly increases the possibility
of eye damage, an appropriate label must be lo­
cated on the fr ont of th e main frame in plain view.
The word ing of the label should contain the words:

NOTICE
UNTE RMINATED OPTICAL CONNECTORS MAY
EMIT LASER RADIATION. DO NOT VIEW BEAM

WITH OPTICAL INSTR UMENTS.
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In addit ion, federal regula tions require label s on
th e back plane of laser equipm ent near each con­
nector field with the words:

DANGER
INVISIBLE LASER RADIATION WHE N OPEN.

AVOID DIRECT EXPOS URE TO THE BEAM.

5.02 Under installation or servicing conditio ns,
lightwave t ra nsmission syste ms can no longer

be considered as enclosed. Under these conditions,
t he following practices must be followed:

clearly defi nes the hazard associated with light­
wave tra nsmission systems and specifi es appro­
pria te safety preca utio ns, all unnecessary
exposure to th e eye to lightwave
emission should be avoided.

(2) Contact the supervisor to arrange for
trained perso nnel to repair or replace the

cable.

(b) By trai ned installat ion and/or service person­
nel:

(1) Repor t the problem to the supervisor.

(3) Dur ing all splicing operat ions that require
viewing the end of the fiber, it is mandatory

th at all ligh twave sources on the fiber involved
be deenergized.

(2) Do not view broken cables with any opt ical
instruments other than an indirect image

conver ter , such as the infra red viewer, unless it
has been verifi ed that all lightwave emission
has been turned off.

(a) Only author ized, trained perso nnel sha ll be
permitted to install or perform service on

lightwave transmission systems, and effort must
be ta ken to avoid exposing the eye to emissions \
from unterminated, energized, optical connectors
at close distances. The connecto rs associated with
the FT3 and FT3C lightwave regenerators are re­
cessed, th ereby limit ing the exposure distance, so
that the regenerators may be removed or rep laced
without fear of eye inj ury. However , personnel
performing the removal or replacement must not
sta re or look directly into the vaca nt regener ator
slot with optical instruments or magn ifying lens-
es.

(b) Only authori zed, trained perso nnel shall be
permitted to use lightwave test equipment

during installation and/or servicing since this
equipment conta ins semiconductor lasers.

6.

(4) Because of the danger of getting small
slivers of fiber in the eye, it has been estab­

lished that if eyewas h is not car r ied in the vehi­
cle, specia l eye protection (dust and splas hpr oof
goggles) must be worn . If the lat te r is done, then
eyewash is not required.

MEDICAL SURVEILLANCE

(c) All unau th orized pers onnel sha ll be excluded
from the immediat e area of lightwave trans­

mission systems during install ati on and servicing
when there is a possibili ty that these systems may
become energized.

5.03 In case of an accidental break in the lightguide
cable or accidenta l removal of a lightguide

cab le from its norm al positio n, the following steps
shall be followed:

(a) By other than trained install at ion and/or ser­
vice personnel:

(1) Do not examine or stare into broken, sev­
ered, or disconnected lightguide cables. Al­

though th e NOTICE shown in pa ragraph 5.01(b)
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6.01 Personnel assig ned to work routinely on light-
wave transmission systems (light wave per­

sonnel) whose job function requir es that they
disconnect opt ical connectors on energized fibers, use
optic al test equipment such as the opt ical loss test set
(OLTS) or the optica l tim e domain reflectometer
(OTDR), or engage in lightguide splicing opera t ions
where there is a possibility that the fiber may be en­
erg ized mus t be included in a medical surveill ance
program . The purposes of th is program are:

(a) To establish a baseline of ocular condit ions
against which any suspected damage can be

meas ured in the event of a known or suspected
exposure to lightwave emission

(b) To det ect and document potenti al lightwave­
related eye damage as soon as possible



(c) To identify those person nel who may be at spe­
cial risk from exposure to lightwave emission.

6.02 The rat ionale for medical surve illa nce re-
quirements for lightwave personnel and spe­

cific information on the recommended medical
exam inations are based on th e Bell System Standard
for the Safe Use of Lasers, Issue 2 (9/1/81).

6.03 Employees who work in the genera l vicinity of
lightwave transmission systems, but have no

occasion to come in contact wit h th ese systems,
should not be included in the medical surveillance
program.

7. MEDICAL EXAMINAn ONS

7.01 Employees classi fied as lightwave perso nnel
shall have a base line eye exami nation before

starting work on the light wave system. Th is eye ex­
aminati on shall be as follows:

(a) The employee's past eye his tory and fami ly
history are reviewed. Any current complaints

which the employee now has about his/her eyes
are noted. Inquiry should be made into the employ­
ee's general health status, wit h a special emphasis
upon diseases that may produce eye problems. The
employee's present lens prescr iption an d the da te
of the most recen t prescript ion should be recorded.

(b) In th e recording of th e examination of th e ocu­
lar fundu s wit h an ophthalmoscope, the points

to be covered are:

(1) The prese nce or absence of opacit ies in the
media

(2) The sharpness of outl ine of th e opt ic disc

(3) The color of th e optic disc

(4) The depth of the physiological cup, if pr es­
ent

(5) The rat io of the size of the retin al veins to
that of the retinal arteries

(6) The presence or absence of a foveal reflex

(7) Any retinal pathology that can be seen with
an ophthalmoscope (hyper-p igmentation,

depigmentation, retinal degeneration, exu-
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dates). Even small deviat ions fro m normal
should be described and carefully localized.

(c) Visual acuity for fa r and near vision should be
meas ured on an apparatus such as the

orthora tor , vision tes te r, sigh t screener, or Snellen
cha rt, and an appropr iate vision reading card.
Near vision reading cards are available from
major optical manu factu ring or supply compan ies
and should be used according to directions. Nota ­
tio n should be made of the apparatus/card used. If
visual acuity is found to be 20/20 in each eye for
fa r an d near (correcte d wit h lenses, if worn ), no
further examinat ion is required.

(d) If the visual acuity corrected is less tha n 20/20
in eit her eye for far vision using th e apparatus

listed above, an examination using the Snellen
cha rt at 20 feet should be done. Ea ch eye must be
tested individually, with the cont ralateral eye
completely occluded. The results based on the
Snellen chart should be tak en as th e fin al exami­
nation. If the visua l acuity corrected is found to be
less than 20/20, an ophthalmological consultation
should be obtained.

(e) If the visual acuity in either eye for near vision
corrected, using the apparatus listed above, is

less th an a Jaeger equivalent of I, or Snellen 20/20,
an exam ination using an app rop riate near vision
card should be done. The results of th e vision card
should be taken as the final evaluation. If the vi­
sua l acuity cor rected is found to be less than a
Jaeger equivalent of I , or Snellen 20/ 20, an oph­
thalmological consultation should be obtained.

(f) The ophthalmological consul tation should in­
clude man ifest refract ion and a slit lamp ex-

amination. Fundus phot ogra phy is not
encouraged.

7.02 Lightwave per sonnel sha ll be examined pri or
to working with lightwave transmission sys­

tems, immediately afte r a suspected abn orm al expo­
sure of the eye, or for specific eye complai nts on an
ind ividual basis. Peri odic exa minations are not re­
quired but may be offered in special circumstances.

8 . RECORDS

8.01 Complete and accura te records of all medical
examinations (including specific tes t results)

sha ll be maintained for each employee included in
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the medical surveillance program. Records should be
retained for at least 30 years.

8.02 The results of medical examinations should be
discussed with the employee.

Page 8
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8.03 All nonpersonally identifiable records of the
medical examinations required in Part 5 of

this section shall be made available on written re­
quest to authorized physicians and medical consul­
tants and, upon the request of an employee or former
employee, to his or her physician.


