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ABSTRACT 

Over 0ne th0usand references 0n electric shock hazards and 
electrica~·safety are included from three computer retrievals, a 
sixty-h0ur Library 0f Congress search and contributions from qver 
50 organizatiens and individuals. The citations are divided int0 
sections acc0rding t0 subject matter and arranged alphabetically 
by author within each section. 

Emphasis is upon published 0riginal' experimental work con-
cerning physiological thresholds to electric current at power 
transmissien frequencies., Experimental work on biological impedances 
and on.the pathephysiology of electric shock is also represented 
extensively, Clinical reperts of pathological sequelae of electric 
shock are categorized, as are electrical safety standards in industry, 
agriculture and medicine, A few biolegical references obtained on 
peripherally-related subjects such as electroanesthesia, electro­
ccmvulsive therapy and legal execution are included. Finally, selected 
general reviews are present_ed. 

Bibliegraphy 
Electrical safety standards 
Electrical shock 
Physiological thresholds 
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I. INTRODUCTION 

1. Previous Bibliographies: 

Several bibl:itdgr:aphl°e~ ~ ~'11 e,1.Jc~ri~ :, 'sl10ck hazards a'.nd ele'ctri- . : ,•i:1 ,,: ' '• •, 'I 1.' > '1, •. ,, ' I . 

cal safety starida):'ds • have ·b.e'en· ,compiled since 1954 when the American 
Institute of El~ct,rical Engineers pri11ted as Publication S-69 the ' 
thirty-four page "Bibliography .on Electrical Safety --- 1930-1953" by 
AIEE members J. A. Gienger.' and' R. L. Lloyd. This bibliography i.s .. 
organi·zed chronologically t~ithin five sections: 1) electrical a'td .. -
dents L 2) accident prevention triitho.ds, ·J) effects of electric shock, 
4) resuscitation, and 5) saf,ety ~oµes and statldards. -

• ', I 

In 1956 Wills Maclachlan., a pioneer in industrial electrical 
safety, collected and c01µpiled in 98 typewritten·p~ges a "List of 
articles, books, and reports on electrical shock and correiated sub­
jects." This alphabetical 1_:i..St· ;i.s no· longer: avail~ble a:s the CIS 
"Electrical Accident Bibliography" from~the International Labour Or­
ganization, but both of these early bibliographies can be found in 
the Engineering Societies. Library, 3L+5 East 47th Street, New York, 
N. Y. 10017. . 

Interest in·f:he literature of electric shock hazards and elec­
trical safety has been ~enewe:d rece11t.ly, ma:i.nly because of the poten­
tially lethal effects of e;{tremely small alternatil~g electrical cur­
rents which can be introd1,1ced into the human body inadvertently during 
some of the new and increasi,ngly- · prevalent _biomedical engineering 
techniques such ap angiography, .ccJ..r-diac. catheterizati011, 'and cardiac 
pacing. The two bibliographies mentioned below, whid, have recently 
lJeen .received through the generosity of e,eir auth6rs, emphasiz~ poten..-
tial electrical hazards of-'bidmedical cimginee;:ring. ·· 

On 1 July, 1969, Beckman Corporate Research Activities (2500 
Harbor Blvd., Fullerton, C~lifornia 92634} issued as Report 1·ffiR20 a 
11 Bibliography on Hazards'' Safety and Standards in Bioinedical Engineer­
ing," which Allan F. Pacela df,Beckman Instruments inc. ha_s been col-

•1ecting for the Saf-ety Stanqards Committee of the Group' on Engineering 
in Medicine and Biology of the Institute of Electrical and Electronics 
Engineers (IEEE). This t,.Jenty-page bibliography is divided into ten 
subject categories: 1) anesthetic-explosion hazards, 2) clinical and 
research shock hazards, 3) deaths and accidents due to electrical 
shock, 4) design of instruments and apparatus, 5) electrical burns and 
injuries, 6) gov:ernment trcl,ining pamphlets, 7) physiolog:tcal effects 
of electrical shock, 8), resuscitation,· 9) standards,' codes, guides, 
and regulations, and 1q). m:Lscella.neous references. 

Another pertinent, bibHography, dated Sep'tember 1969, has been 
compiled by Professor Paui ·E. · Stanley ,of the· S_chool. of Aeronautics, 

. Astronautics and Engin~ering-Sciences., Purdue University; Lafayette, 
·- Indiana 47907. This is c.alled ·a "Chronological Bibliography on Elec­
tric Shock Hazards iri Hedi.cine!' and: includes nine pages of references 
from 1905 to 1969. .f ~. 

4 

" I 

-I. 

J 



2. Present Sources: 

The present bibliography was collected to help in preparing 
NMRI Research Report No .• 1, MR005.08-0030B, entitled, "Minimum thresh­
olds for physiological responses to flow of alternating electric cur­
rent through the human body at power-transmission frequencies". 

Three computer-assisted literature searches were specially 
conducted. A'Medlars search of medical citations fr.om January 1964 
to May- 1969 was performed at the National Library of Medicirte, Bethesda, 
Maryland. A NASA Literature Search on "Electric Shock to Humans'' arid · ·•· 
a Defense Documentation Center (DDC) Search on "Standards for Elec:tri..;' 
cal Saiety" were also performed by computers, and each yielded UI).ique 
pertinent citations. The National Bureau of Standards Clearinghouse , 
for Federal Scientific and Technical Information (CFSTI) and the Science 
Information Exchange of the Smithsonian Institution made contributions 
from their regular information retrieval services. .. · ' 

·The staff of the Library of Congress Reference Department per­
formed-a: sixty-'-hour search of Electrical Engineering Abstracts, Applied 
Science and Technological Index, Engineering Index and Library of Con­
gress catalogues from 1945 to June 1969 for citations in the non- · 
medical literature. They also conducted a "pre-Hedlars" search of 
Medical Abstracts and Cumulated Index Medicus from 1944 to 1964. 

The Canadian Standards Association, the Washington Branch of 
the International Labour Office, the National S,afety Council, and the ·. 
U. S.'·Public Health Service Environmental Control Administration re­
sponded to our inquiries with many useful citations. The Industrial 
Hygiene Foundation of America Inc. of Pittsburgh, Pa., contributed 161 
abstracted references from its files. 

Mr. C. A. Beutel and Mr. A. W. Smoot of the Electrical Depart­
ment of Underwriters' Laboratories Inc. were particularly helpful by 
providing a list of articles on body impedance and by directing atten­
tion to the earlier bibliographies. Dr. Dietrich Beischer of the Naval 
School of Aviation Medicine, Professor C. F. Dalziel of the University 
of California, Mr. L. H. Isaacson of the Veterans Administration, 
Dr. W.R. Lee of the University of Manchester, Mr. David Lubin of Sinai 
Hospital of Baltimore, Mr. John Maccioli of the Naval Safety Center, 
Mr. R. T. Mallard of General Electric Company, and Mr. B. M, Savaiko 
of the Army Electronics Command kindly contributed pertinent refer~ 
ences from their personal files. 

Most of the citations in this bibliography have been verified 
from the original articles or reproductions of them. The staff of the 
Technical Reference Library of NMRI -- in particular,T. P. Robinson, 
E. Gendleman, E. S. Capps, and H. z. Levy -- have been characteristically 
diligent and resourceful in obtaining the requested references. A. M. 
Woke of fil1RI kindly translated articles written in German, and Dr. F, S. 
Letcher of NMRI read and reported upon those wri.tten in Russian. Where 
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the citation of an article has not been checked against the original, 
the words "not verified" appear in parentheses at the end of the ci­
tation. All verified articles were read for the NNRI Report No. 1 
mentioned above • 

. 3. Present Emphasis: 

The purpose of this literature search was to.aid in determining 
generally acceptable safe minimum human thresholds for extra-low­
frequency electric current·. Thus the emphasis has been upon published 
original experimental data on physiqlogical thresholds to electric cur­
rent at power transmission. frequencies. It .is hoped that the citations 
are comprehensive of all· readily available: literature in these cate­
gories. Experimental :work on biological impedances and on the patho­
physiology of electric shock, if.not completely cited, is at least 'well 
represented~ Considerable effort was ?J,so made.to obtain codes and 
standards of electrical safety established in the construction and 
electrical industr.ies and within .. the military. In the process of col­
lecting these above subjects, numerous references to possible' electro;,. 
pathological sequelae and fatal case reports were also obtained, which 
are categorized without any pretense to completeness. The few cita­
tions on peripherally related s.ubjects which were received' are offered 
as potential leads to a more complete literature on the subject. 

L1. Acknowledgements:· 

In addition to the kind cooperation and assistance of the people 
and orgartizations mentioned above and in the companion NHRI report, in particular the extensive help of H •. Z •. Levy in bi.b,liographic editing and of F. M. Epstein in assembling the final. report is gratefully acknowledged. 
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Il. ELECTRICAL IMPEDANCES: 1. Hu1111n Skin 

1. BARNETT, A. (1938) Journal of Physiology 21:349-366, "The phase angle of normal human skin" 

2. BARIIETT, A. (1940) American Journal of Physiology fil:306-307, Abstract: "Seasonal variations in epidermal impedance of 
human akin" 

3. BARIIETT, A. & RAGNO, S. (1935) American Journal of Physiology 114:366-382, "The physiological mechanisms involved in the 
clini~al measure _of phase angle" --

4. BATSON, R., YOUNG, W. C. & SHEPARD, F, M. (1962) Journal of Pediatrics 60:716-720, "Observations on akin resistance to 
electricity and sweat chloride content. A preliminary report" •. -

5. BERSON, A. s. & PIPBERGER, H. V. (1968) American Heart Journal 1!_:514-525, "Skin-electrode impedance problems in electro­
cardiography" 

6. BLANK, 1, H. & FINESINGER, J.E. (1946) Archives of Neurology and Psychiatry 56:544-:557, "Electrical resistance of the akin; 
effect of size of electrodes, exercise and cutaneous hydration" 

7. BOHNSTEDT, R, M. & SCHULZ-KLEE, G. (1953) Archiv fllr Dermatologie und Syphilis 196:367-314, "Untersuchungen Uber daa 
Verhalten des Hautwideratandea gegenllber·wechselstrom" (The behavior of skin resistance against alternating current, in German) 
(not verified) 

8. BRAZIER, M.A. B, (1933) Institution for Electrical Engineers 11:204-209, "A method for the investigation of the impedance 
of the human body to an alternating current" 

9, BRAZIER, M. A, B. (1933) Lancet l_:742-744, "An electrical method for use in the diagnosis of dise"ses of the thyroid gland" 

10, BRAZIER, M. A. B. (1935) Western Journal of Surgery, Obstetrics and Gynecology 43:429-441, "The impedance angle teat for 
thyrotoxicosis. Part I: technic and study of normals" 

11. BRAZIER, M. A. B. (1935) .Western Journal of Surgery, Obstetrics and Gynecology 43:514-527,. "Th.e impedance angle test for 
thyrotoxicosis. Part II: The application of the impedance angle in the diagnosis of thyroid disease" 

12. BURNS; .·R. · C. (1950) Electronics 2:190-196, "Study .of skin impedance" 

13. CARTER, A, O. & MORLEY, R. (1969) British Journal of Industrial Medicine ~:217-223, "Electric current flow through human 
skin at power frequency voltages" 

14. ,- CARTER,. A. O. & MORLEY, R. (1969) British Journal of Industrial Medicine ~• 224-230, "Effects of power frequency voltages · 
on amputated human limb" 

15, CONRAD, A. G., HAGGARD, H, W, & TEARE, B. R, (1936) Electr.ical Engineering 55:768-772, "Electrical studies of living tissue" 

16. CONRAD., A. G., HAGGARD, H. W. & TEARE, B. R, (1938) AIEE Transactions 1Z,:1-4, "Electrical studies of living tissue - II" 

17, DAVIS, D. R. & .KENNARD, D, W. (1962) Nature fil:1186-1187, "Influence of electric current on the skin" 

18. DOWSE, C, M, & IREDELL, C. E, (1920) Archives of Radiology and Electrotherapy &:33-46, "The effective resistance of the 
human body to high-frequency currents" 

19. ELBEL, E. R, & B.ONKIN, R,. R, (1946) American Journal of Physiology 147:1-12, "Palmar skin. resistance as a measure of 
physical fitness" 

'20. EDELBERG, R. & BURCH, N. R. (1962) Archives of General Psychiatry 7:163-169, "Skin resistance and galvanic skin response, 
Influence of surface variables, and methodological implications" -

21. ELEKTRIZITXTSWERKEN DES KANTONS ZURICH (1929) Bulletin Schweiz, Elektrotechnischer Verein (Bulletin Association Suisse 
des Electriciens) ~:428-441, "Bei.trag zur Kenntnis der Vorgllnge beim Stromdurchgang durch den menschlichen K8rper" (Contri­
bution to the known data on the processes found in connection with the passage of a current through the human body, Translation 
No. 351 by E, B. Barnes, .WPA project 8850) 

22. FREIBERGE~ 'H, (1933) Elektrizitatswirtschaft 32:373-375, 442-446, "Der electrische Widerstand des menschlichen K8rpers 
gegen technischen Gleich- und Wechselstrom" (The electrical resistance of the human body to technical direct and alternating 
current, in German) 

23, FREIBERGER, H. (1934) Der elektrische Widerstand des menschlichen K8rpers gegen technischen Gleich- und Wechselstrom . 
(The electrical resistance of the human body to technical direct and alternating current, in German), Springer-Verlag, Berlin, 
V + 146 PP• 

24. GEDDES, L. A. & HOFF, H. E. (1964) American Journal of Medical Electronics 1:16-27, "The measurement of phy_siologic events 
by electrical impedance, a review" 

25, GILBERT, T. C. (1936) Electrical Review fil:435-436, "Body resistance -- variations with different persons and conditi~ns" 

26. GILDEMEISTER, M. (1919) Pflueger'& Archiv fllr die gesamte Physiologie des Menschen und der Tiere 176:84-101, ''Uber elek­
triachen Widerstand ICapazitlit und Polarisation der Haut. I. Versuche an der Froschhsut" (Concerning elec9-"ical resistance, 
c;-apacity and polarization of the a.kin, I. Experiments on frog skin, in German) 

27. GILDEMEISTER, M. (1928) Handbuch der Normale u Pathologische Physiologie 8:657-702, "Die psssiv-elektrischen Erscheinungen 
im. Tier und Pflanzenreich" (The passive-electrical symptoms in animal and plant kingdom, in German) 



28, GILDEMEISTER, M, (1928) Pflueger'& Archiv fUr die Gesamte Physiologie des Menachen und der Tiere 219:89-110, ''Uber elek­trischan Wideratand, Kapazitat und Polarisation der Haut. II, Mitteiluns, Menachliche Haut" (Concerningelectrical resistance, capacity and polarization of the akin, 11, Report, Human akin, in Getman) · ·. · 

29, GILDEMEISTER, M. & KAUFHOLD, R. (1920) Pflueger'a Archiv fUr die gesamte Phyeiologle "des Menachen und der Tien 179:154, "A. c. human electrical impedance" (in German) (not verified) 

30, GOBBATO, F., TURCHET1.'0, P, & ZAGARESE, G. (1963) Levorn Uuno 15:260-275, Varia'doni' delia redaten•a alettrica dal corpo umano in funaione della aeda • delle modalita d•l· contatto" (Variations of the human body alectrical reaiatanc• in relation to the site and the method of electric contact, in Itelian, with French, German and Enalieh •u-riea) 
31, GOUGEllOT, L. (1948) Journal de lladioloai• at d'Electroloaia 29:479, "D .. Schema• electriquu d'impedence equivelenta a la peau hu•in• (etude par lH couranu alternetifa d• b. f. )" 6ii French) (not veriU~d) · · 
32, GOUGBROT, L, 6 IULLIARD J, (1950) Coaptea Randua de• Seancea de la Societe de llioloai• ill_1768-770, "llon-linurite d•• caracteriatique• alectriqu .. de la ,-.u en courent ainuaoidal de baaaa fraquenco pour daa inten• itea auffiaa•nt fortaa" (Lack of lin .. r effect in the electrical cherectertatice of -th• akin in • inuaoidal current of low frequency of nfficiently strong inteneity, in Preach) · 
33, GOUIIIIOT, L, J., J'ONCH, P, 6 IULLlAID, J. (1950) CoaptH lleadua du IIHncu de la Societe de liolo&i• 144:770~772, "Variettona avec l'intenaite de l'iapedence cutanee en courant alternetif de bane frequance" (Variation• ofthe inteulty of cutaneoua f.9pedanca in alternattna currant of low frequency, in French) 

34, IIAWlttllS, D. 11., PUaYIAll, H. I,, W&LLACI!, c. D,, Dl!AL, W. I, f, THOMAS, I!. S. (1962) Science 1]61321-322, "lead akin reaiatenca durina alHp aad 'draud.n1'" 

JS, ROI.TOIi, J, W. 6 VAR MVBIISIIAAY, A. C, (1935) PranltUn lnetituta Journal fil:557-572, "Blactrical illpadaace of the llllun body" 
J6. IAUIIWI, A, (1965) Jour.;;.1 of i.he bperiMntal Analyda of Behavior !,t389-l94, ''Puniah-t ahoclt ·1nteuity end baH1 akin ru:latance" 

37, IUIICHIV, D, 6 MAllCDV, K, (1965) Ine1tiye lie Inatitute po Jiaioloaiye !1203-206, "A DeYice f~r d. c. electroconductivity -ur-ta of. the akin" ta .. 1 .. rtan)(not verified) 

,a. LIVI, L, 6 GllllIIIGIIILLI, c. (1955) Gillrul• ltau- ., Deftlltolciti• 1!1501-_,u, "Kilur• dell• rH11tenU elettrica eutaau ill aogetti aoruli • eillpateatoei11ati" ()lueu-t of electric •kin roiiatanoe in aonal and •y11pethect•i•ad ••Jeet1, in Italian with lnali1h •-ry) 

39, LMB, t. 6 ZOffllllWI, 'I, (1926-lll27) Journal of PhyliolOff 621280-2811, ''Vuculer rHcttou of the •kin to iajury, Pert nu. The re• i • tanca of the h- •kin to OOD1tant ourrent1,ln relation to injury and vHaular re1poue" · 
40, LlllDAIIL, L. I. B., CDl8tlAIIIOII, A, a. • GOOCH, a. II, (1964) llectronic Bnaineertna 361245-246, "An illproved techai'lue far or.aeuriq ekin reai• tanca" · -
41, LOV!NBACH, B. 6 KOii.GAii, J. I, (190) Journal of Laboratory and Clinical Medicine 2811195-1198, "Th• hllllU akin H a con­ductor of 60-cycla alternating current of hiah intenlity, atudied on 'elactroahoclt patI.nta'" 
42, LULLIBS, 8, • RUIIIIIIGBR, I, (1966) Blelttr•adidn 111118-129, "On the 1i1nificance of .aull placu of ujor electric cOD­ducti•ity in the h- 11tia, ao-celled Croon'• reaction placH" (in Gerun) 

43. LYICUII, D. T,, MILi.BR, I. D, • STIAIWI, I.. r. (1968) Paychophyaiology 5:253-268, "S•• propertiH of akin conductance end potential" -

44, KALOV, 11. II. (1933) Bochfrequanatechnik u1UI Blelttroaltuatik !!_:UB-141, "l!inil• laerltuna•n aur Pres• dH drperwideratandaa bet Hochfraquea" (C-nt on the probl .. of re1i1tenc• of body a1atn1t high frequency, in Genan) • 
45. KAHOILOV, V, I, (1963) l!lelttrichaltvo 11:9-12, "Iealedov•ni• oaobenno1tei elektroprovodi110ati tel• chelo"Hlta" (StudiH on characteriet.ic propertiea of electroconduct1vity of the human body, in Ruaaian) · 
46, MORDBOn, A, M,, IDBLHRG, a. • USTICI'., M, (i967) P•ychophyliology !•40-47, "The differential conditionability of tvo component• of th• eltin conductance rHponae" 

47, UORSB, A, I, (1957) Electrical Bnaineerina 76186, Di•cueeion of field treatment of electric ahoclt ca•••• with aention of contact rcaiatance 1tudy by the Canadian MationarRa1earch Council · 
48, KUl!LLER, B. E., LOBPFBL, R. & MEAD, S. (1953) Journal of Applied Phydolo17 1:746-751, "Skin illpedance in ·relation to pain threohold tHting by electrical mean•" 

49, MULLER, o. (1926) In1enieuneitua1 Cotban 9, "Der elelttriache Widarstand des menachlichen Korpers" (Tha electrical reaiatance of the h1man body, in Ganaan) (not verified) -

50, RICHTER, C, P. (1928) Archivee of Neurolo17 and Paychiatry 19:488-508, "The electrical akin redatance, diurnal_ end daily variation11 in paychopathic and in normal peraon•" · 
51. RICHTER, C. P, (1931) Journal of Pharmacoloay and Experimental Therapeutics g:471-486, "Sleep produced by hypnotic• atudiad by the electrical akin reeiBtance method" 

52, ROBERTSON, J, D. 6 WILSON, A, T, (1934) Lancet !•1158-1159, "A combined study of the basal metaboliam and impedance anal• in thyrotoxicoaia end myxedema" 

53. ROSENDAL, T. (1940) Disputation, Finsenlaboratoriet, K,lbenhavn, "The conducting properties of the human oraanins to alterna­ting current," Ejnar Munksgaards Forlag, K,lbenhavn, 193 pages (in En~lish) 
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54, ROSENDAL, T. (1943) Acta Phystologica Scandin~vica ,2_:130-151, "Studies on the conducting properties of the human akin 

to direct current" / 

55, ROSENDAL,.T. (1944) Acta Phyaiol1>gical Scandin.avica !:183-202, "Further stµdies on the·cC>nducting properties of the 

human skin to 'direct and alternating i:~rrents" 

' 
56. RUSH, S,, ABILDSK0V, J, A, & MCFEE, R. (1963) Circulation Research i2:40-50, "Resistivity of body tissues at low 

frequencies" 

57. RUTENFRANZ, J, (1958) Hautarzt 9:289-299, "Der \iiderstan<I· der ilaut geg·enµber schwacheii elektrischen Stromen" (Skin 

resistance to weak electric currents,-in German) (not varified) 

58. RZHEVKIN, S. N, &. MAL0V, N, N, (1932) KliniEi'che Medizin l0i3~2-357 ''Body resistance to high-freqµency currents and its· 

deviations from normal in certain diseases" (in Russian) -

59, SCHWARZ, F, (1952) Pflueger's Archiv fur die gessmte PhysiC>logie des l'!ansclten µnd der 
1
Tiere 254(6) :519-526, "Unt,,. 

suchungen Uber den Gildemeister-Effekt inittelfrequenter Wechselstr!hne" (Investigations· on the Gildemeister effect of 

alternating currents of medium frequency, in German) (not.verifie•) · · 

60, SHAMANSUROV, S. K, '(1962) Meditsinskii Zhurnal Uzbekistana 6:35-38, "Changes in the temperature.and electrical resistance 

of the human skin in relation to age and the climatic conditions-of Usbekistan" (in Russian) (not verified) 

61. SODERBAUM, C, E. (1952) Bulletin Association Suisse des Electiiciens 43:110-115, "Experimental investigations on the . 

electrical resistance of the human body" (in German) (not verified) -

62. STEPHENS, W, G. S. (1963) Medical Electronics and Biologicd En_gineering !.•389-399, '''llhe current-voltage relationship 

in huma~ skin" · 
j 

63. TELEDYNE SYSTEMS CORPORATION (1964) Re_port on Subcontract 6666, Prime Contract. NAS4-566, 24 pp., "Electrical resistance 

of the skin" 

64, THOMAS, P, E, & KAWABATA, A. (1964) Journal of the.American Osteopathic Associati~n ~:417-422, "Neural factors under­

lying variations in electrical resistance of apparently nonsweating skin" 

65, THOMPSON, E. (1894) American Electrotherapeutics Association !!_:261-271, "Notes on the effects of high frequency elect~ical 

discharges passed through the body" 

66. TITELBAUM, s .• (1941) University of Chicago Libraries, 16 pp., "The electrical skin resistance during sleep" (Ph.D. 

dissertation) 16 pp, 

67. TOLLES, W. E. & CARBERY, W. J, (1959) Medical Electronics Conference, Paris, pp. 43-49; "The measurement of tissue 

resistance in psycho-physiological problems" 

68. TURCO, S. J. & CANADA, A. T. (1969) American Journal of Hospital Pharmacy 26: 120-122, "The effects of dimethyl sulfoxid47i 

_in lowering electrical skin resistance" 
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