
UCRL--21008-Vo1.9

DE8S 013814
AU
UCRL-21008 Vol. 9

Evaluation of Military Field-Water Quality
Voluliu: 9. Data for Assessing Health Risks in Potential

Theaters of Operation for U. s. l\ttilitary Forces

JeO'rey I. Daniels and D. W. Layton (Editors)

Environmental Sciences Division
Lawrence Livermore National Laboratory

University of California
P. O. Box 5507

Livermore, CA 94550-0617

February 1988

Supported by
U.S. Army Medical Research and Development Command

Fort Detrick, Frederick, MD 21701-5012

Project Order 82PP2817

Project Omcer: S. A. Schaub

L. R. Anspaugh, J. I. Daniels, and D. W. Layton
Principal Investigators at Lawrence Livermore National Laboratory

Approved for public relea!"e; distribution unlimited

The findings of this report are not to be construed as an onicial Department
of the Army position unless so designated by other authorized documents.



DISCLAIMER

This report was prepared as an aerount or work sponliOred by an agency of the United Stlites
Government Neuher the United States Government nor any agelley thereof. nor any of theH
employees. makes any warranty. ellprCliS or Impl.ed. or assumes any legal liability or responsi­
bihty for the accuracy, rompleteness, or usefulness of any information, apparatus, product. or
process diSClosed, or represents that its use would not Infnnge prIVately owned rights, Refer­
ence herein to any speclfk commerclIll product, process. or service by trade name. trademark.
manufacturer, or otherwisc does not necessarily constitute or Imply its endorscment. recom·
mendation. or favoring by the lJnned Shlles Government or any agency thereof The views
and opinions of authors ellpreaed herem do not ncccS6llrily stale >r renect thote of the
United States Government or any agency thereof,

•

•

•



•

•

•

U~CL~SS:FIED. ., ..

REPORT DOCUMENTATION PAGE I ~(H," .".,ow.a
O/lof'I'WO 0'011·0'"

'. IIPOIH I£C_I •• ~" .. », ( .. ' C .. '0 'n"' c'., ..... ~ ....c.
U~CLASSIFltD _.. ---

:. SEC.lllfV C..A)I,~,CA· C'" ... '-(Ill,', 1 ') ') .. ~ iI ... • 0'\i ~"Ai. .. .to1i·\.. ~~ )~ ~fl:tGA"

.... ---- Approved for )ub 1i C release
:0 :nc",>s,F CAT O~ ;x>"'",CRAO,"'G S':"E::>u •• distributlon lnhmited.. _.--
• PEUCIl'-AIIltG ::-G.... z.. • .: ... ~epcp· ... _·... BE.,I, ~ ....O.. ·O~ ... 13 :.G~"'Z~·O".PC.· ·......aPI)

UCRL-21008 Vo 1. 9 --- --
6. "'.'-A£ O~ PE HOA'-A "'G ,::>.GA"'IZA' co.. 60 :,HCES· .....Ol '. "AME ~, ',i10,," .(,'~ ,,"(j .).G~ .. ,ZAr 0"

Lawrence Llvermore National II' .DDI,(.OIIJ U.S. Army Bio~edical Research and
Laboratory Deve1opment L,'bora tory

6< .001lUS .C,l'), s,.,• •fWJ II' CodeJ 70 A::lOAESI .e,l') s,•.'~ .fWJ I" (<XII)

Environmental Sciences Divlsion ATTN: SGRD-UIZ-C
P.O. Box 5507 (L-453) Fort Detrick (BLDG. 568)
Livermore. CA 94550-0617 Frederick, MO 21701-5010

II OjA'-A£ OF ~ '_ "lOI"'G SPOI\jSOIlI",Ci 1111 ;JFF'CE ,''''.OL , PIlO(L.Il€'-A£~f"ST "L.""£,,,T IO£I\jHI(A T,O.....1.1 .....£111
OllCiAPillA TIO'" U. S. Army Medical ,I' 'HI,e.MJ

Resea rch and Deve 1opment COlTll1and Army Project (rder 82PP2817
Ie. AOOII£5HC,~" sr.re.•1IClI11~Code' '0 SOlo liCE OF ~U"'OI~ Ci "'u""'ill1

Fort Detrick PIIOGIlAM 'ItO;ECT ITASK WOIIK ","'IT
Fredrick, MD 21701-5012

h£ME".T ~o f'«) f'«) ~CCESStO". f'«)

61102A 611 )2B511 AA 096
l' TITLE /lMlude secllllf)l CI_~'hOftJ

EVALUATION OF MILITARY FIELD-WATER QUALITY. Volume 9.
Data for Assessing Health Risks in Potential Theaters of Operi tion for U.S. Hi 1i tary Forces

, l 'rlt~O"'A\' .uT~OIlC~)
,,-

J.1. Daniels and D.W. Layton (Editors)
, J. Tnr 0' IUPOIlT rJll TIMI COI/EIlEO r' 01. fE 0' IIE,"=;lT('; 'M, MoMfI. 0." r5 'AGE COUNT

Final ~1I0M 8-85 fO~ February 1988 208
" sU"lEMI",TA"Y ",OTATION

'. sv'JECT TEIlMS (COIltIIIW Oft ,.~,.. " "' ( ....ry .tWI ..""I; or 1tIOc/r """'M"17 COSATI CODES
~IIlO GIIOu' Su.-GIIOu' Health risks; physical, chemi :al, and biological

24 07 field-water quality; military theaters of operation~

Ub 11
" AISTIl4CT iCOf!fllIW Of! "~I" " Iltet..ry .IWI .."',,,, .... aIoelr "IJ",M,'

Data are presented in this volume for assessi~g the healt' risks in populations of
military personnel that could result as a consequence of expOSJre to field waters containing
constituents or infectious organisms of military concern, whicn are from natur4l and
anthropogenic sources, at lel/els above those recommended as field-water-quality standards
(i .e .• above safe levels). Turbidity and color are the physical properties that are of
military concern in field water. The other constituents that are of military concern in
field water are (1) total dissolved solids, (2 ) chloride, (3) magnesium, ( 4) sul fate, •
(5) arsenic, ( 6) cyanide, (7) the pesticide lindane. and (8) I~tabolites of algae and
assoclated bacteria. . Bacteri a, ~irlJses, and parasi tes (e. g.• protozoa and helminths) are
categorles of water-related infectious organisms that are of nilitary concern. Figures
were developed from dose-response data to enable military ris( managers to quickly assess
the potentIal performance-degrading effects in personnel expcsed to a measured concentration
(continued on next page)

20 OISTIlIIUTION I AIIAI\.A"LITY OF AISTIl4CT 21 AISTIilACT SECUITV (\.ASStFICATIO'"
a uNCUloSSIFIEOIUNLIMIT£O I!J SA"". AS "'T Cl OTIC USEIilS UNCLASSI FIE[

22. ~AME?' "ESPO~SlllE IPiOII/IOUA\, 2~1l rEl~'HO'~~ .. A,.. CodeJ Il~~ ~HI~ SyMIOLMary ranees Bostian 01- 63- R -R I-S...
00 FOfm 1471, JUN II

UNCLASSIFIED



~NCLASSIFIED

Dr d Pdrtlc(.,ldr constltuent ln held wate". ~he general pnYSlcal, chEmIcal, jrd b' i"i' \:
~ualltj of f1f?ld waters in geographlc rfglolls worlciOIlde, repr'ht'ntlng pote n t,,1 "h?cl't.:""

)f :Derat'o~ fcr J.~, ~l lltary forces, also are evaluated. 'hlS analysIS 'S 8dSPC Jr
j,d';dDle ",ater-lJuaI1:y monltorlng data "nd IndIcators of 11~I:']f water-'~uai", ;,nd':' ,)
,e,;)., geon,vdroloqy, Cll~'dte, sanItatIOn, lndustrlalizatlon, etc.). Accorrpar:.,lng 0~j"

eVdl~dtlon are maps dna !.ables dlert1ng !1l'11tary planners and rlsk managers to U!t?
O!'is!cdl, cnemlcal, or Dl010g1cal quality of fleld water that can be e',peeled qene"JII/
In geographlc reg10ns of concern.

ThlS report lS U:e last volume ot d n~ne-volume study ent,tled tvalu~.2..9_~~~_':.'~."r1.

t2e.1d-lI/dter Q'JdlHy. ','Itles of the othEr volumes ar-e as fl.-l10ws: Vol. 1, ~~e_'0't~~t;'

Su~~. voL 2, C2nstltuents of MllHar,)' Concern from.. ~~tura_~.,a~,~LAn~~Q(J--9..enlC Sources,
,01. 3, Op~ort.Un1ty Poisons; Vol. 4, Health Crlterla and Recomme!:..qatlons ~or)ta_~.Q..~!:"d_~;
Vol. 5, In ectious Or~anisms of Mil1~oncern Associated with lonsumption:.
Assessment of Hea1thisks, and Reco~endations for Establishing Related Sta"dards;
'/01. 6, ~fectlous Or~anisms of MiHtc1 ry Concern Associated with Nonconsumptlve E~.B(»u._C'"
Assessment-orlHealth ,isks, and Recommendations for Establishing Related Standards;
Vol. 7. Performance Evaluation of t~e 60Q·GPH Reverse Osmosis Water Purificatlon Jnlt
UiQWPtdj :--Reverse Osmosis RQ Com onent~; and Vol. 8, Performance of MObiTe~dte~"­
Furlf 1cation unlt _ MWPU and Pretreatment Components o1'"the 600-GPH ReverseOsmosl~
!.a_t_er Purification Unit R \1IPU and onsideration of Reverse Osmosis ~Dm..!.

Pot~ble-Water DiS1nfection, and llater-~)Jt.Y na ~ Technigues.

•

•,
•



•

••

Volume 9

FOREWORD

This report is the last volume of a mne- volume study entitled Evaluation of Military

field-Water Qua1lli. ritles of the other volumes are as follows: Vol. 1. Executive

Summary; Vol. 2, Constituents of Milital':y-_~oncem from ~atural and Anthropogenic

Sources: Vol. 3, Opportunity Poison~; Vol. 4, Health Criteria ~d. Recommendations for

Standards: Vol. 5, Infectious Org.anisms of Military Concern Associated with

Consumption: Assessment of Health Risks, and Recommendations for Establishing Related

Standards; Vol. 6, Infectious__ Organisms of Mili..~ Concem Associated wLtb

Nonconsumptive Exposure: Assessment .of Health Risks, and Recommendatio!.J.S for

Establishing Related StanrlaI2.Q§: Vol. 7, Performance Evaluation of the 600-GPH _Reverse

Osmosis Water Purification Unit (ROW~U): Reverse Osmosis (RO) Components; and

Vol. 8, Perfom\ance of Mobilf1 Water Purification Unit (MWPU) and Pretreatment

Components of the 600-GPH Reverse Osmosis Water Purification Unit (ROWPU) and

Consideration of Reverse O~mosis (RO) Bypass, Potable-Water Disinfection, and

Water-Quality Analysls Techniques.

:\s indil.ated by the titles listed above. the nine volumes of this study contain a

comprehensive a£~essment of the chemical, radiological. and biological constituents of

field-water supplies that could pose health risks to military personnel as well as a detailed

evaluation of the field-water-treatment capability of the U.S. Armed Forces. The

scientific expertise for performing the analyses in this study came from the University of

California Lawrence Livermore National Laboratory (LLNL) in Livermore, CA; the

Universi ty of CalifOl'nia campuses located in Berkeley (UCB) and Davis (U('r)). CA; the

University of Illinois campus in Champaign-Urbana. IL; and the consult· , iirms of lWG

Corporation in San Diego. CA, and V.I. Cicr:;one & Associates (VICA), Inc., in Woodbridge.

VA. Additionally a Department of Defense (000) Multiservice Steering Group (MSG).

consisting of both military and civilian representatives from the Amled Forces of the

l;nited States (Army, Navy. Air Force, and Marines), as well as representatives from the

U.S. Department of Defense, and the U.S. Environmental Protection Agency provided

guidan.:;c, and c ri tical rev iews to the researchers. The reports addressing chemic al,

radioloRical. and biological constituents of field-water supplies were also reviewed by

sciemists at Oak Hidge National Laboratory in Oak Ridge, TN. at the request of the U.S.

Army. f"urthp,rmort. personnel at several research laboratories, military installatlOns. and

agenrif;<; of the U.S. AmlY and the other Anned forces provided technical assistance and

infonnation to the rnsearchers on topics related to field water and the U.S. Illliitary

commWlity.
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Volume 9

EVALUATION OF MlUTARY I"IELD-WATER QUALITY

Volume 9. Data for Assessing Health Risks in Potential

Theaters of Operation for U.S. Military Forces

ABSTRACT

Data are presented in this volume for assessing the hBaLth risks in populations of

military personnel that could result as a consequence of exposure to field waters

containing constituents or infeL:tious organisms of military concern, which are from

natural and anthropogenic sources, at levels above those recommended as

field-water-quality standards (Le., above safe levels). Turbidity and color are the physical

properties that are of military concern in field water. The other constituents that are of

military concern in field water are (1) total dissolved solids, (2) chloride, (3) magnesium,

(4) sulfate, (5) arsenic, (6) cyanide. (7) the pesticide lindane. and (8) metabolites of algae

and associated bacteria. Bacteria. viruses, and parasites (e.g., protozoa and helminths) are

categories of water-related infectious organisms that are of military concern. Figures

were developed from dose-response data to enable military risk managers to quickly assess

the potential perfonnance-degrading effects in personnel exposed to a measured

concentration of a particular constituent in field water. The general physical, chemical,

and biologlcal quality of field waters in geographic regions worldwide, representing

potential theaters of operation for U.S. military forces, also are evaluated. This analysis

is based or. available water-quality monitoring data and indicators of likely water-quality

conditions (e.g .. geohydrology, climate. sanitation, industrialization, etc.). Accompanying

our evaluation are maps and tables alerting military planners and risk managers to the

physical, chemical, or biological quality of field water that can be expected generally in

geographic regions of concern.
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CHAPTER 1. INTRODUC~ 'ION

J.1. Daniels* and D.W. Lay one

The chemical substances, inf~ctious organisns, and physical properties of

field-water supplies that could directly or indirectly COluse performance-degrading health

effects to military personnel were idlmtified in the three parts of Volume 2, and in

Volumes 5 and 6 of this study.1-5 Turbidity and color\re the physical properties of field

water of military concern. Field water chemical cons tituents that are of concern are

(1) total dissolved solids. (2) chloride, (3) magnesium, (4 \ sulfate, (5) arsenic, (6) cyanide,

(7) the pesticide lindane, and (8) metabolites of algae am associated bacteria. Bacteria,•
viruses, and parasites (e.g., protozoa and helminths) ai e categories of water-related

infectious organisms that could be hazardous to the military. Volumes 4, 1;, and 6 of this

report present the health-effects critnria and recommenc ations for field-water-quality

standards applicable to these physical properties, chemic Jl substances, and infectious

orp'misms. 4-6 The recommended field-water-l 1uality stantal'da were deri''Ied to protect

popula~ionsof military persoIUlel against perfomlance-degrad ing health effeGts that could

jeopardize the accomplishment of military missions. Thus, concentrations of the

aforementioned chemical substances and infectious org81 isms at or below those

recommended as field-water-quality standards can be considerl'd safe levels.

In this volume we present criteria for assessing the health risks for polmlations of

military persormel exposed to field water with the physical properties! chemical

substances. or infectious organisms of military concenl at concentrations exceeding safe

levels. These criteria were developed from the dose-response ':'elationships for physical

properties. chemical substances, and infe~tious organisms described in Volumes 4

through 6. Figures that S\lmma!,ize the toxicity data are presented to enable military risk

managers to quickly assess the potential perfonnance-degrading effects that a m1easured

concentration of a particular constituent of military concern in field water can have on

exposed personnel.

Additionally, this volume contains an evaluation of the general chemical and

biological quality of the water resources in selected geographical regions of the world that

represent potential theaters of operation for U.S. military forces. This evaluation is

* Environmental Sciences Division, Lawrence Livermore National Laboratory, University
of California. Livennore, CA 94550.
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the result of an analysis of available water-quality monitoring data and various indicators

of water-quality conditions (e.g., geohydrology, climate. sanitation, industrialization.

etc..), r,ccompanying this evaluation are maps and tables alerting military planners to thH

chenical or biological quality of water supplies (Le., ground and surface waters) that are

indicativ~ of major geographic regions such as (1) Africa, (2) tht) Middle East, en Europe

and the Soviet Union, (4) Asia, and (5) Latin America, principally Central and South

America. Important geographical locations that lack meaningfui watar-quality data also

are identified to indicate the need for monitoring water quality especially i:J these areas.

In summary, the purpose of this volume is to provide mil'.tary planners and risk

managers with two types of infonnation for assessing the reiations'lip between field- water

quality and the accomplishment of military objectives. The Lrst type of infonnation

consists of health-effects summaries for evaluating the pohmtial impact that measured

levels of the physical properties, chemical substances. and infectious orManisms of mllitary

concern in field water might have on the perfonnance of exposed military personnel. The

second type of infonnation describes the quality of field water generally expected in

geographic regions worldwide and is essential for (1) 8nticipating water-treatment and

monitoring capabilities needed for a particular region, and (2) estimating the possible

perfonnance-degrading health risks that could result from the absence or failure of those

capabilities. Additionally, important locations that lack meaninHful field-y4Jater-quality

monitoring data are identified to indicate the need for monitoring water quality especially

in these areas.

12
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CHAPTER 2. HEALTH RISKS ASSOCiATED WITH PHYSICAL PROPERTIES

AND CHEMICALS OF MILITARY CONCERN IN FIELD WATER

J.I. Daniels,· L.B. Gratt,t M. Lyon,t and B. Perryt

Turbidity and color are the physical properties of fiBld water that can be of military

concern. Total dissolved solids (TDS), magnesium (Mg+2.l, sulfate (SO~2), arsenic (As),

cyanide (CN-), and the pesticide lindane [common name for the gamma-isomer of

1,2,3,4,5,6-hexachlorocyclohexane (HCH)], are among the chemicals that can be of

military concern in field water. As mentioned in Chapter 1 of this volume. these physical

properties and chemicals can be of military concern in field watt~r because they were

identified as those that could he present at high enough concentrations to cause

perfonnance-degrading health effects in exposed military personnel. Thus criteria and

recommendations for field-watf:r-quality standards have been de,'eloped for these physical

properties and chemicl.h.. These criteria and standards arf! applicable to military

persormel consuming up to 5 or 15 LId of field water for exposure periods up to either 7 d

or 1 y. Levels 1:)( these physical properties cUld chemicals at or below those recommended

as field-water-,·quality standards can be considered safe.

In this chapter we ~dentify the safe levels for each of the previously menticneu

substances ir. field water and present data for assessing the health risks for military

persormel dl'inking water containing concentrations of these substances that ate above

recommended levels. These data are summ(llrized in figures that are visual guides for

qwckly assessing the relationship between the concentration of a particular substance of

concern in field water and the corresponding health risks for military persormel as a

fWlction of consumption rate and exposure period.

TURBIDITY AND COLOR

Turbidity in water is caused by suspended material such as clay, silt, finely divided

organic matter, and microorganisms. 1 Turbidity may result from natural processes such as

erosion, or it may result from the discharge of domestic and industrial waste to surface

waters. For example, suspended material derived from mining, dredging, logging, pulp and

paper manufacturing, and other industrial activities will contribute to water turbidity.2

• Environmental Sdences DiVision, Lawrence Livermore National Lahoratory, University
of California, Livermore, CA 94550.

t IWG Corp., 3065 Rosecrans Place (Suite 210), San Diego, CA 92110.
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Color in water may result from the presence of metallic ions (e.g. iron and

manganese), humus and peat materials, plankton, and industrial wastes. 1 The tenn "true

color," in water treatment practice, means the color of water remaining after the

turbidity has been removed. The tenn "apparent color" includes color resulting from

subsLmces in solution as well as suspended materials. The color of water with low

turbidity is basically the same as that of clear water. 2

~urbidity measurements derived by nephelometry (detennining the intensity of light

scattered by a sample) are expressed as nephelometric turbidity units (NTU). Color

measurements made by visual comparison of a sample with tinted glass discs calibrated to

correspond to standardized platinum-cobalt solutions in water are expressed as color units

and not as mg/L. These are standard procedures for detennining the turbidity and color

content of water,l and unless otherwise stated, the units associated with these procedures

are used in this volume of the report.

Recommended Field-Water-Quality Standards

Part 1 (Chemicals and Properties of Military Concern Associated With Natural and

Anthropogenic Sources) of Volume 4 (Health Criteria and Recommendations for

Standards)3 contains our recommendations for field-water-quality standards for turbidity

and color, along with the data and analyses we used to derive them. The recommended

field-water-quality standard for turbidity is 1 NTU for exposure periods of up to either 7 d

or 1 y and for any water consumption rate, including ones of 5 and 15 LId. This level

should diminish the interfering effect that turbidity can have on disinfection processes and

should minimize the number of military personnel who could reject field water for

organoleptic reasons and who would consequently become susceptible to dehydration. The

recommended field-water-quality standards for color are 50 color units for exposure

periods up to 7 d and 15 color units for exposure periods up to 1 y at watp-r consumption

rates of both 5 and 15 Lid. These color levels do not signify any health risks, and although

they are noticeable. they should be tolerated by military populations.

The recommendations lust m~ntioned are based on an assessment of the degree to

which the objectionable appearance that could be imparted to field water by turbidity or

color might lead indirectly to degraded perfonnance in exposed military persolUlel.

However, turbidity composed of organic material can also decrease disinfection efficiency

(i.e., the organic material increases chlorme demand). which thereby improves the chances

for survival of the infectious organisms in disinfectant-treated water. Thus, high chlorine

2-2
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demand in field waters, whether turbid or reasonably clear (i.e., turbidity ~ 5 NTU), is a

good indication that the risk of infectious disease for military personnel consuming the

disinfected water could be higher than that which would ordinarily be expected.

Health Risks

There is no evidence indicating any direct relationship between human health effects

and turbidity and color in water. However, as previously stated, turbidity that is

composed of organic materi.al can increase chlorine demand and thereby reduce

disinfection efficiency. Nevertheless, high chlorine demand in field water is only useful as

an indicator that the risk of illness for military personnel consuming the disinfected water

could be highp,r than that which would ordinarily be expected. For these reaso'lS, turbidity

and color are accepted generally as ae~thetic standards. High levels of turbidity or color

can make water visually objectionable to many individuals, causing them to reduce

consumption or to refuse to drink it. In arid environments pRrticularly, where large

volumes of water must be consumed to replace sweat losst'£, military personnel who refuse

to dtink field water or reduct' their conswnption of it would be sus(:eptible to dehydration,

which could result in perfonnance degradation. The actual debilitilt~lg effects of

dehydration, described by Adolph et, al., 4 progress in the following sequence:

(1) discomfort, (2) weariness, (3) muscle weakness, (4) apathy, (5) impaired coordination,

(6) delirium, and (7) heat stroke. Additionally, Walker et a1. 5 state that intense thirst is

experienced over the first two days of water deprivation; weakness and confusion occur

during the third day of absttmtion, and death results within approximately 10 days.

As discussed in the second chapter of Part 1 of Volume 4, Harris6 perfonned a study

designed to systematically relate combinations of turbidity, color, and odor values in

drinking water to the percentage (from 0 to 100) of the public accepting the water. He

obtamed acceptability ratings for 125 water samples containing different combinations of

color, odor, and turbidity from three different consumer populations (Le.. consumers of

bottled water, unfiltered tapwater. and filtered tapwater). In assessing a sample the

respondent observed and smelled the sample, then indicatp.d the degree to which he or she

could accept the water by selecting the appropriate rating on the action-tendency (Le.,

likely behavioral response) scale shown in Table 1. According to Harris, 6 the borderline

between acceptance and rejection for the population surveyed was located between rating

statements 5 and 6 on the action-tenden1cy scale.

2-3
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Table 1. Action-tendency scale for rating water on thE basis of color, turbidity, and odor.

Rating

1

2

3

4

5

Statement

I would be very happy to accept this water as my everyday drinking water.

I would be happy to accept this water as my everyday drinking water.

I am sure that ( could accept this water as my everyday drinking water.

I could accept this water as my everyday drinking water.

Maybe ( could accept this water as my everyday drinking water.

General Population

6 I don I t think I could accept this water as my eVfryday drinking water.

Military Population

7

8

I could not accept this water as my everyday drinking water.

I could never drink this water.

From our analysis of Harris' s6 data we derived the following multiple regression

equation:

A '" 86 - O.5(C) - l(T) - O.l(S) •

where

A - percentage of public rating water acceptable,

C - color uni ts,

T· nephelometric turbidity units (NTU). and

S - threshold odor number (TON).

The derivation of this equati('n is explained in Part 1 of Volume 4.

2-4
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We can adapt this equation to describe the response of military populations in the

following marmer. As we discuss in Part 1 of Volume 4, a population of military personnel

is assumed to be less sensitive to the organoleptic characteristics (s.g., taste, odor. or

appearance) of water than a civilian population such as Harris6 surveyed. Therefore. we

shift the threshold for acceptance and rejection for military populations on the

action-tendency scale from between rating statements 5 and 6 to between rating

statements 6 and 7 (see Table 1). According to the analyses we perfonned in Volume 4,

this shift corresponds to about a 15% increase in the percentage of the population

accepting water with any combination of color, turbidity, or odor in it. 3 Consequently,

the coefficients in Eq. 1 should be increased by a factor of 15% (Le., multiplied by 1.15)

fOf Eq. 1 to be applicable to military populations. Then a mathematical expression can be

derived for estimating the percentage of the military population (MP) that may refuse to

drink water containing any combination of turbidity, color, or odor:

*MP • 1.1 + 0.575 (C) + 1.15 (T) + 0.115 (8). (2)

Note that even if color, turbidity, and odor were absent there might still be a small

backgro\Dld of individuals who would reject the water (Le., 1.1%). Table 2 shows an

example of the relationship between turbidity and the percentage of a military population

that might refuse to drink the water when color and odor were absent. As stated in the

section on turbidity and color in Part 1 of Volume 4, color levels at 50 color units or 15

color units for short-tenn (~7-d) or long-tenn ~ l-y) exposure, respectively, in

combination with a TON of three for odor. can be considered safe and tolerable,

particularly when mandatory water consumption is enforced for combat-situations in hot,

arid environments. Table 3 shows an example of the relationship between color and the

percentage of a military population that might refuse to drink the watel' when turbidity

was equal to 1 NTU and the TON for odor was equivalent to three. A turbidity level of 1

NTU should optimize the disinff::ction efficiency for most pathogenic microorganisms

(~iardia and Cryptflsporidium are '1utable exceptions) and minimize the percentage of a

military pul-'ul:ttion that would find the appearance of water to be objectionable.

Additionally, a TG~~ of up to three is considered by the U.S. Environmental Pl'Otection

Agency to be acceptable to most of the general population. 7 and therefore it should be

acceptable to military populations as well.

-----~

MP = 100 - 1.15 (a6 - a.5[C] - l[T] - O.l[SI)
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Table 2. Predicted water rejection for military populations based on turbidity; color and
odor are considered to be absent.

Turbidity (NTU)

1°
5

1&
15

20

25

30

35

40

45

50

Percentage of a military population
finding water unacceptablea

2
.,
I

18

24

30

36

41

47

53

59

a Determined using Eq. 2: MP .. 1.1 + 0.575 ~C) + 1.15 (T) + 0.115 (8).

b Field-water-quality standard recommended for turbidity for both short- (~7-d) and
:tong-term li 1-Y) exposure periods and any consumption rate, including ones of 5 and
15 Ud

The standards for turbidity and color proposed in Volume 4 reflect a balance

between desire to minimize water rejection by troops and a realistic health assessment of

field-water turbidity and color levels. Turbidity and color levels high enough to cause

troop; to reject water supplies will increase the susceptibility of the troops to the

performance-degrading effects associated with dehydration. What level of rejection

should be termed "significant' is com.ngent on several variables., including the risk of

dehydration and the workforce-allocation needs of the field commander for accomplishing

missions.

Figures 1 and 2 are vis~al guides for quickly assessing the impact of various levels of

turbidity and color, respectively, on the susceptibility of a population of military personnel

to dehydration and subsequent performance-degrading health effects. Specifically, the

information prf'sented in this figure, or resulting from the application of Eq. 2, allows the

percentage of a population of military personnel potentially at risk for suffering from

dehydration to be estimated for concentrations of turbidity or color in field water at or

above recommended safe leveL').
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Table 3. Predicted water rejection for military populations based on color; turbidity is
fixed at 1 NTU and odor is consideled to be absent.

Color (color unit)

3b

6

9

12

15c

20

30

40

50d

60

Percentage of military population
finding water unacceptablea

4

6

7

9

11

14

20

25

31

37

a Detennined using Eq. 2: MP = 1.1 + 0.575 (C) + 1.15 (T) + 0.115 (S).

b Color level indicated by the U.S. EnvironmentC'.l Portection Agency7 to be undetectable
by many individuals in the general population. '\150, the genel-al population would be more
likely to complain about color if it changes l'apidly, rather than remaining high constantly.

C Field-water-quality standard recommended for color for long-term exposure (i 1 y) for
any consumption rate, includings ones of 5 and 15 LId. Safe and tolerable color levels
should not impact the performance of military personnel, but may require acclimation by
the exposed military population.

d Field--water-quality standard recommended for roolor for short-term exposure Ci 7 d)
for any consumption rate. includings ones of 5 and 1S LId. Safe and tolerable color levels
should not impact the performance of military personnel, but may require acclimation by
the exposed military population.

Conclusions

Health effects stemming from the presence of turbidity or color in field-water

supplies center on the risk of dehydration caused by refusal to consume water, The

effects of dehydration can cause significant performance degradation and thereby

jeopardize accomplishment of a mission. The relationship between turbidity and color and

water rejection has been documented through the use of action-tendency scales (A-T

scalesJ. which attempt to quantify behavioral responses to stimuli, The actual debilitating

effecls of dehydration progress in sequence, including discomfort, weariness, apathy,
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Short-term (S7 d)
or

long-term ~ 1 V)
exposure

Field-water
turdibity level

(NTU)

Volume 9

Estimated percentage of
milita~ population that
might refllse to drink

field water a

20 24%

15--19%

10 13%

5 - 7.2%

Reconvnended standard
---....-.----.......---1°· 2.6%

Minimal risk for performance- ~l c1 t I
degrading health effects from (/) li 1.4%
either infection or dehydration 0--- ---..,I

a For any combination of color, turbidity. and odor values:
MP • 1.1 + O.575(C) + 1.15(T) + 0.115(5), where MP • percent of military population that
might refuse to drink field water and thereby become susceptible to the performance
degrading effects of dehydration; C • color units; T • nephelometric turbidity units (NTU);
and S - threshold odor number (TON). Estimates presented are computed on the basis of
zero color units (C) and a TON (5) of three.

b Symptoms of dehydration may include weariness, apathy, impaired coordination,
delirium, and heat stroke.

c Because turbidity is an organoleptic property of water (Le., appearance). the
recommended field-water-quality standard for both short- and long-term exposure is
applicable to any conswnption rate, including ones of 5 a.'1d 15 LId.

Figure 1. Health-effects summary for turbidity with color absent (i.e .. zero) and a
threshold odor nwnber (TON) equal to three.
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impaired coordinatiOl., delirium. and heat stroke. Turbidity levels greater than 1 NTU can

interfere with disinfection. This is particularly true when the turbidity is composed

primarily of organic matter. Turhid waters are also aesthetically inferior, which can lead

to decreased water consumption and possihle dehydration. Color levels greater than 50

color units for short-tenn exposure and exceeding 15 color units for long-tenn exposure

can also increase the risk of dehydration in the members of a military population, but

these color levels arp. not associated directly with any adverse health effects. Thus,

limiting turbidit y to 1 NTU and color tL ei ther 50 color uni ts for short - term exposures or

15 color units for long-term eXflOsures will dimjnis~l aversive responses to field water.

Turbidity levels less than or equal to 1 NTU also tend to improve the efficiency of

disinfection for most pathogenic rnicroorganh~ms (Giardia and Cryptosporidium, which can

.:ause severe diarrheal illness, are two notable exceptions and their elimination may

require turbidity removal by filtration processes to levels less than or equal to 0.1 NTU, as

explained in Part 1 of Volume 4).

TOTAL DISSOLVED SOLIDS

Mineral salts and small amounts of other inorglUlic and organic substances constitute

the filterable residue content of water. The concentration of filterable residue is

expressed commonly as milligrams per liter lmg/L) of total dissolved solids (TDS).I,8

Typically, the ions of the mineral salts are the main constituents of the dissolved material;

consequently, TDS generally refers to salinity. 9 The principal cations constituting TDS

are calciwn (Ca+2), magnesium (Mg+2), potassium (K+), and sodium (Na+); the chief anions

are bicarbonate (HCO;), carbonate (CO;2), chloride (Cl-), sulfate (SO~2), and in ground

waters, nitrate (NO;).8

The dissolved substances that constitute TDS are encountered in all natural waters,

and they enter the water from natural as well as man-made processes. The composition

and concentration of TDS vary geographically. The relative proportions of TDS

constituents in natural waters are a function of geochemical processes (e.g .. weathering)

acting on local geological strata. 10

Worldwide distribution of water with high TOS content is based on two general

factors: the ratio of precipitation to evaporation and proximity to the ocean. Locally high

TDS concentrations can result from contact of water with deposits of soluble evaporite

rocks (i.e., sedimentary l'Ocks formed from the deposition of precipitates of evaporating

lakes, oceans, etc.).
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Short-term exposure
(s7d)

Estimatld percentage of
miMtary population thaI

Aeid -wattr color level might r.IUM to drink Long-t.rm exposure
(0010' units) field wate,' (~ty)

30-----19%

20 13%

I Recommended
Io~.,m standard

15 c----- 10% ---~;....--....,..----'

I 4

10 ----- 7.2%

60' ----- 36%

I

40----- 24'"

Recommended ahort-term
standard _ 50 c; ~. 300/.

•!A
~j

:1
Considered to be }-- ~ ~
undetectable to 3 --__-_-_-_-_-_-_3.2% .......... 1 ~most military personnel f I L

_......l 0 1,40/.

Figure 2. Health-effects summary for color with turbidity absent (Le., zero) and a
threshold odor number (TON I equal to three.
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FOOTNOTES POR FIGURE 2. Health·-etfects Summary for Color with Turbidity Absent
and a TON Equal to Threfl.

a For any combmation of color. turbidity. and odor values:
MP ~ 1.1 + 0.575((;) + 1. 15(TI + O.115(S). where MP = percent of military population that
might refuse to drink field water and thereby become susceptible to the perfonnance
degrading effects :If dehydration; C '" color illlits; T .. nephelometric turbidity illlits (NTUI:
and S a threshold odor number (TON). Estimates presented are computed 011 the basis of
zero turbidity (T) and :\ i. dN (S) of three.

b Pnrfonnance degradation result" from decreased tolerance to color level in drinking
water and subsequent dehydration.

C Because color is an organoleptic property of water (i.e.. appearance) the
recommended fielci-water--quality standards are applicable to any consumption rate.
including ones 0 f 5 and 15 Lid.

d Symptoms of dehydration may include weariness, apathy, impaired coordination,
deliriwn, and heat stroke.

'.3 Safe and tolerable color levels are ones that should not impact the performance of
military personnel. but which may require acclimation.

f The U.S. Envronmental Protection Agency cites evidence indicating that a color level
of three color units will not be detectable to Illany individuals. 7
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The TDS concentration of drinking water commonly ranges frorn levels below

500 mg/L to amoWlts exceeding 2000 Illg/L. Seawater is considered to he the typical

worst-case challenge for military reverse osmosis water purification equipment because of

its high TDS concentration (approximately 3fi,OOO rng/L).

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, a military field.-water-quality standard for TDS of woo mg/L

is recommended. This recommendation is applicable to both short-term (~_7 day) and

long-tenn (~1 year) exposure periods and is based on an assessment of the degree to which

the objectionable taste that can be imparted to field water by TOS can lead indirectly to

degraded perfonnance in exposed mili tary personnel.

Health Risks

Health risks due to high TDS concentrations in drinking water fall into two general

categories: the risk of dehydration caused by refusal to drink watH and the possibility of

laxative effects. These two categories of health risks are summarized next.

The primary problem with a high TDS concentration is its effect on taste. As the

TDS content of a water exceeds approximately 1000 mg/L, its taste becomes increasingly

worse. 7
,11 At very low TDS concentrations (e.g.• a disti.led water) water can he

objectionable because of a lack of taste. One consequence ot iJud water taste is decreased

consumption. 12 As mentioned in the section concerning turbidity and color, decreaseli

consumption. in arid environments particularly, could make some military personnel

susceptible to dehydration. The debilitating effects of dehydration that could

subsequently result progress in the following sequence: (1) discomfort, (2) weariness.

(31 muscle weakness, (4) apathy, (5) impaired coordination, (6) delirium, and (7) heat
4stroke.

The laxative efff!ct of high TOS concentrations may be produced because the

osmotic pressure ill the intestinal tract is hi~h enough to prevent absorption of water

through the intestinal wall. The large volume of fluid retained in the intestine increases

the motility of the "mooth muscle linin~ the intestinal wall and this helps to flush the

large intestine. 13 ,14 Howevflr, the laxative effects of elevated TDS ItJvtds lIlay actually

be due to the action uf speci fic ions,15 such as of M~ I ~ and SO/' which art! addrf!ssf!d

later 10 this volume. and n:)t rlf!cessarily fl'OUl the collectivl! f~fff!ct of all cons 1i\utmts of

,[,DS. As discussed in Volume 4 of this study, the rt!lationship hfJtwetm '['DS concentration

and laxative tJffe(;ts is confoundf!d fJVfm 1Il0rlJ hy f!Vldf!flCf! that TDS If!VtJIIl f!xcfJf!dinH

2 - 12
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2000 mg/L can be tolerated without any ill dfects if populations are acclimated to such

concentrations. Therefore, the principal problem of a high TOS concentration in field

water is considered to be its effect on taste.

In order to define the relationship between TOS and field-water acceptability, the

technique and tiata of Bruvold and Ongerth 11 were employed. These resfJarchers examined

taste panel responses to California water supplies made on an action- tendency (AT) scale.

Such scales are Il.';ed to measure behavioral response. By extrapolating from this analysis.

we pl:'f'dict the percentage of military personnel that may refuse to drink field-water

supplies (and hence can become susceptible to dehydration) as a consequence of the TDS

concentration.

Table 4 shows the relationship between TDS concentration and water rejection by

military personnel. From Table 4. it can be seen, for example. that if the TDS

concentration were 1000 mg/L. then only about 2% of the exposed military population

would be at risk of dehydration.

figure 3 is a visual guide for quickly assessing the impact of various levels of TDS on

the susceptibility of military persormel to dehydration dlld related performance- degrading

health effects. Specifically, the infonnation presented :11 this figure allows the

~)ercentage of a population of military persolUlel potentially at risk of suffering from

dehydration to be estimated for concentrations of '('DS in field water at or above

recommended safe levels.

Table 4. Comparison between TDS concentrations in field water and corresponding
proportions of a military population that mi~ht refuse to drink the water.

TDS concent I'dWln

in fieid water
fmg/L)

1000
a

1:100

IHOO

:!:!OO

:.!HOO

Proportion of military population
that might refuse to drink the water

(%)

:l. 1

fi. !!

1:1

25

it ReCOlllJl\tmdl!d fjf!ld-wattH' quality standard for HXp<lSUW periods of up to ~ither 7 d
or 1 y.
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Short-term (~7d)

or
long-term (~1y)

exposure

Field-water total
dissolved solids concentration

(mgll)

Estimated percentage
of military population that

might refuse to drink
field water a

Recommended standard b
---........--------,:---- 1000 -------- 2.1%

t
I

18%

36%

-------- 6.9%

--------- 0,5%500

I

2500-----
I

1500

'2000

I
m
J
!

L-o--------- 0.1%----1

Minimal risk for performance­
degrading health effEtets from
either dehydration or laxation.

a Detennined using the z-score equation for Action-Tendency ratings, and a table of
values for the standard nonnal distribution (see Part 1 of Volume 4).3

b Because total dissolved solids at concentrations less than or equal to 1000 mg/L are
only organoleptically of concern (i.e .. affect taste), the recommended field-water-quality
standard for both short- and long-tenn exposures is applicable to any consumption rate.
mcluding ones of 5 and 15 Lid.

C Symptoms of dehydration may mclude weariness. apathy, impaired coordmation.
deliriwn, and heat stroke.

Fi~re 3. Health-effects summary for total dissolved solids (TDS).
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Conclusions

Health effects relatfld to concentrations of TOS above the recommended standards

in field-water center on the risk of dehydration caused by water rejection. Dehydration if

not treated, can result in perfonnance degradation. The relationship between TOS

concentration and water rejection has been documented through the use of

action-tendency scales (A-T scales), which attempt to quantify behavioral responses to

stimuli. for example. about 2% of a military population might refuse to drink water

containing the recommended TOS standard of 1000 mglL and thereby be at risk of

dehydration. Moreover, at a TDS concentration above 2800 mg/L about 50% of the

exposed military population might refuse to drink the water.

CHLORIDE

The chloride anioll (also denoted CI-) is a constituent of virtually all natural waters.

and it contributes to the total dissolved solids (TOS) content of these waters.2,10.16

Typically, brine and seawater contain high TDS concentrations that are composed

primarily of chloride anions (about 55% of TOS by weight) lUld sodium cations (about 30%

of TOS by weight). In comparison. the TOS concentration in fresh water is much lower and

the chloride anion constitutes a smaller proportion of this TOS concentration (about 10%

or less of TDS by weight). Other anions such as sulfate and bicarbonate are the

predominant anionic constituents of TDS in fresh water.

Sources of the chloride ion in natural waters include (1) drainage from mineral

depoSits; (2) seawater intrusion or the deposition of sea spray; (3) sewage contamination;

(4) runoff from agriculturd areas, and (5) effluent from industrial projects such as oil

wells, galvanizing plants, and paper plants. 2
.
17 Evaporite deposits such as halite (NaCI)

and sytvite(KCI) are the preuominant sources for chloride in fresh water. 17

Recornm~nded Field-Water-QuaHt~St(l,ndards

The standard for chloride ion concentration in field-water supplies recommended in

Part 1 of Volume 4 is 600 mlol/L. This recom:nended standard is applicable to both

short-tenn (~7 day) and long-term (~1 yflarj exposure periods. This recommendation is

hased on an assessment of how the objectionable taste that can be Imparted to field water

hy the chloride ion can lead indirectly to deHraded perfonnance in exposed military

personnel.

2 15
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tfealth Risks

The health risks associated with elevated lev£!ls of chloride ion in field-water indude

the possibi.lity of reduced water consumption and increased susceptibility to dehydration as

a consequence of the poor taste of the water; and laxative effects and hypertension as a

consequence of consumption of the water. These health risks are described next.

The major health risk associated with the presence of the chloride ion in drinking

water is dehydration that could result from watf!r rejection based on taste. Bruvold18

conducted a study in which civilian panelists indicated whether or not they would accept

two solutions of NaCI as their everyday drinking water. The mean behavioral response of

the panelists to the taste of water with 600 mg/L of chloride ion (1000 mg/L NaCl) was

that they might be able to accept such water as an everyday drinking water. However, at

1200 mg/L of chloride (2000 mg/I. NaCI) in water, the mean behavioral response of the

panelIsts was that they might not be able to accept the water as their everyday supply. As

discussed previously, bad tasting water will be consumed in smaller quantities than good

tasting water. 12 Despite the inherent uncertainty involved in extrapolating civilian tests

to a military population, these studies suggest that concentrations of chloride greater than

1200 mg!L in water may make the taste of water so objectionable that soldiers might not

want to drink it. Such individuals could become susceptible to dehydration, especially in

desert environments. where large quantities of water must be consumed to replace sweat

losses. As noted earlier, dehydration can lead to discomfort. weariness, muscle weakness,

apathy. impaired coordination. delirium. and heat stroke.

In an effort to quantify the relationship between chloride-ion-induced objectionable

taste and water rejection, we employed the technique and data of Bruvold and Ongerth. 11

Thes£; researchers examined taste panel responses to California water supplies made on an

action-tendency scale. However. in order to apply this methodology to the taste problem

that can be produced by chloride ions. it was assumed that chloride ions make up

approximately 60% of the total dissolved solids (TOS). This assumption is based on the

fact that Na" and CI- ions are the predominant constituents of the TDS content of Leld

water. particularly seawater. that has b~en processed through a reverse osmosis watt:r

purification Wlit (ROWPU) to achieve potability.19 Thus. on the baGis of this assumption,

we employed a procedure similar to that used for TOS to describe the relationship between

the chloride concentration and the proportion of the military population that might refuse

to consume the water.

Table 5 shows a comparison between three chloride concentrations and the

corresponding percentages of military personnel that might refuse to drink the water. At

2-16



Volume 9

·..able 5. Comparison between chloride concentrations in field water and corresponding
proportions of a military population that may refuse to drink the water.

Chloride concentration
in field watera

(mg/l)

600b

900

1000

Proportion of military population
that may refuse to drink the

water (%)

2.1

6.9

11

a Computed by assuming that sodium and chloride ions constitute almost all of the
TDS content of the water. which is likely for ROWPU product water. 19

b Current and recommended chloride field-water quality standard for military.3.20

the current U.S. Anny field-water standard for chloride of 600 mg/l.20 the corresponding

percentage of the military population that would consider this water Wlacceptable for

consumption would be about 2%. Increasing the chloride concentration to 900 mg/L means

that the proportion of military person:lel that might refuse to consume the water would

increase to nearly 7%. Finally. at a chloride concentration of 1000 mg/l. approximately

11 % of military personnel would refuse to drink the water.

Laxative effects that result from the consumption of water containing an elevated

concentration of chloride appear to be associated with the process of osmoregulation of

fluids in the intestinal tract. For example. the presence of a high concentration of

chloride in the intestinal tract probably causes extracellular fluids to flow into the

intestinal tract osmoticeJly. This osmotic effect increasp,s both the fluid volume in the

large intestine and the motility of the smooth muscle lining the large intestine. Both

factors help to flush the large intestine and thereby cause diarrhea. 13 Cass21 reported

that a single oral dose of 0.5 L wateI' containing 7.4 giL of NaCI (4.5 giL of ee) can

induce a laxative effect in humans. Such laxative effects may be eliminated in some cases

If a period of physiological adjustment to high-chloride water is pennitted. or if water

that contains a low concentration of TDS is ingested soon after consumption of the

high-chloride water.22

Unfortunately. the previous data are insufficient to derive quantitatively a

no-effects threshold level and comprehensive dose-response relationship for the quantity

of chlonde that would induce laxative effects. However. the eVidence 18.21 ,22 does

suggest that military personnel will probably find the taste objectionable when chloride is

present 10 concentrations substantially less than those reported to cause laxative effects.
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A recent study by Kurtz and Morris23 suggested that hypertension in humans may be

related to dietary intake of salt (Le., NaCl). Military populations, however, would have to

consume high lev~ls of NaCI in field-water supplies for periods longer than one year and

have minimal sweat loss during the exposure period to experience any

perfonnance-deguding symptoms related to hypertension.

Figure 4 is a visual guide for quickly assessing the impact of various levels of CC on

the susceptibility of military persormel to d~hydration and related perfonnance-degrading

health effects. Specifically, the infonnation presented in the figure allows the percentage

of a population of "'lilitary persormel at risk of dehydration to be estimated for

concentrations of chloride ion in field water at or above recommended safe levels.

Conclusions

Even though chloride miaht produce laxative effects at concentrations exceedina

600 mg/L, laxative effects are not the health effects of greatest concern for chloride.

Additionally, data were not available in the literature to assess the laxative effects of

water containing concentrations of chloride in combination with other laxative producina

solutes such as magnesiwn and sulfate. Therefore, the solutes of military concern that

can produce laxative effects--chloride, magnesiwn, and sulfate--are all addressed

separately.

The health effects of greatest concern for military populations exposed to elevated

concentrations of chlonde ion in field-water are not direct: rather, they are associated

with the deohydration of m~litary persormel who reduced their conswnption of field water

because of its poor taste. The effects of dehydration can result in sisnificant perfonnance

dearadation. Only about 2% of a military population drinkina water with the

recommended chloride standard of 600 mg/L would be at risk of dehydration due to water

rejection: however, more than 10% miaht refuse to drink field water containing a chloride

concentration of 1000 mg/L.

MAGNESIUM

Magnesium is one of the most abundant elements in the earth 0 s crust, but because it

is so chemically aeti-ve it is not found in nature in the elemental state. It is widely

distributed in crustal minerals, commonly existing in combination with carbonate and

silicate.24 Magnesium ions (usually M9+- 2) and salts (except for the hydroxide) are highly

water soluble. 24 Elevated levels of magnesium in field-water supplies genarally can be
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Short·term (S7d)
or

long-term (S1y)
exposure

Field-water chloride
concentration

---.-;.{mgIL,)----

Volume 9

Estimated percentage
of military population that

might refuse to drink
field water •

.l

I
1500 ------- 36%

Minimal risk for pe,1Ormance­
degrading h.~lth effects from
either dehydration or laxation.

,
1200

900

300

18%

------- 6.90/.

------- 2.1%

-------- 0.5%

a Determined using the z-score equation for Action-Tendency ratings, and a table of
values for the standard nonnal distribution (see Part 1 of Volume 4).3

b Estimates are made assuming chloride ion constitutes 60% of total dissolved solids
(TDS) concentration because sodium and chloride ions (lire considered to be the
predominant constituents of the TDS content of most field w ..ters, particularly seawater
processed through the reverse osmosis water purification unit (ROWPU).

c Because chloride ions at concentrations less than or equal to 600 mg/L are only
organoleptically of concern (i.e.. affect taste), the recommended field-water-quality
standard for both short- and long-tenn exposures is applicable to any consumption rate.
including ones of 5 and 15 LJd.

c Symptoms of dehydration rna)' ir&clude weariness, apathy, impaired coordination.
delirium, and heat stroke.

Figure 4. Health-effects summary for chloride.
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attributed at the regional scale to contact of the water Wlth outcrops of rocks containing

soluble magnesium salts.

Magnesium salts are used commonly as laxatives and cathartics: in clinical medicine,

a dose of 40 meq (480 mg) is the r,~commended dose when a laxative effect is desired. 104

Futhermore. a single 15-g dose of epsom salts (MgSO4.7H20) will produce a cathartic

response including a semifluid or watery evacuation in 3 h or less. 14 Doses lower than

15 g produce a laxative effect with a longer latency period. However. as with other saline

laxatives. it appears that humans can develop a tolerance to magnesium' s laxative

effects. 25

Recommended Field-Water-Quality Standa~'ds

In Part 1 of Volume 4 we recommend that the military field-water-quality standard

for Mg+2 be 30 mg/L for a water consumption rate of 15 Uday. We also recommend a

standard for Mg+2 of 100 mg/L for a water consumption rate of 5 Uday. Both

recommended levels for Mg+2 in water are applicable to exposure periods of up to either

7 d or 1 y because of the body's ability to achieve and maintain 11 constant level of

magnesium. and because there is no evidence of chronic toxicity from continued exposure

to elevated Mg+2 concentrations. The basis for the recommended field-water-quality

standarcis is dose-response data concerning the laxative effects from ingestion of

magnesium ions.

Health Risks

The ability of magnesium to cause laxative effects is well established: it is widely

prescribed as a laxative and cathartic. 14 In addition, magnesium is associated with other

health effects. including hypennagnesemia, and it can have adverse effects on the

palatability of water.

The World Health Organization (WHO) states that one possible Wldesirable effect of

water with high magnesium content is gastrointesth,al irritation, especially in the

presence of sulfate.26 Additionally. drinking-water supplies high in magnesium have been

as..-rociated with elevated levels of laxative problems.27,28 However, magnesium

concentrations high enough to cause laxative effect;;; may not be above the threshold for

poor taste. Therefore. water containing magnesium concentrations below the threshold

for poor taste may be consumed and the resulting laxative effects might be sufficiently

dangerous to the soldier to be incapacitating. They could also be hannful before that

point by disrupting nonnal water balam::e and accelerating the process of dehydration. It

2-2C



Volume 9

is the degree of 13..xative effect that should be protected against to ensure no performance

degradation to a 501met'.

The symptoms of hypennagnesemia (elevated plasma levels of magnesium) include

muscle weakness, hypotension. sedation. confusion, and respiratory paralysis;

electrocardiogram changes have also beea reported. 29,30 No evidence was found to

indicate that large oral intakes of ma;:''Ilfdsium are hannful to people with normal renal

(kidney) function. 25 Thus. toxic effects following oral administration of magnesium are

rare. attributable primarily to the bod)" s ability to sustain remarkably constant

senun-magnesium levels.30 However. one of the possible causes of reduced renal function

and the appearance of hypennagnesemia is dehydration. 29

Palatability of drinking water is important to military personnel because an

objectionable taste couln lead to volunta!7 dehydration. especially in a hot and arid

enviromnent. It is generally recognized that at high concentrations. magnesium and other

ions will give an unpleasant taste to water. However. the relationship between ion

concentrations, drinking water acceptabPity, and the phenomenon of voluntary

dehydration is not understood well enough to predict the concentration of magnesium that

will begin to exacerbate voluntary dehydration in military personnel. This difficulty

results because ions cannot be tested individually in water and the effect that individual

ions have on the taste of water when present together is poorly understood. For example.

it appears that the level of magnesium I'eported as haVing an objectionable taste is

affected by the anion with which it is associ,uted. 31- 34 In addition to the concentration

and combination of ions. other variables such as acclimation and! water temperature c:an
affect the acceptability of a mineralized wa - 33,35,36 A wide rimge of difference exists

among individuals in subjective taste intensities reported for a ~~ven water,35,37 and in

concentrations that are assessed as acceptable for one's daily d.rinking water. 11 Some

rough guidance as to the acceptallility of water containing magne!sium salts can be found

10 the report that water with 1000 mglL of magnesium salts was rated as acceptable by a

group tasting the water even though they also reported that the taste ·.·,'as not good. 32

Figure 5 is a visual guide f'lr quickly assessing the impact of magnesium

concentration on perfonnance-degrading heal.h effects in military personnel. The figure

shows that magnesiwn concentrations in field water above recommended safe levels can

increase the incidence of laxative effects and therefore the su;ceptibility of exposed

populations of military personnel to dehydration. Unfortunately, at levels of magnE:sium

above the recommended standards neither the proportion of the exposed population likel}'

to exhibit laxative effects, nor the severity of those effects, can be estimated from the

available data.
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Short-term (:S 7d)
or long-term (:S:1y)
exposure and a

consumption rate of up to
5 Ud

Field-water magnesium
concentration

(mglL)

Short·term (S7d)
or long-term (:S:1 y)

exposure and a
consumption rate of up to

15 Ud

800

600
•II
I
I,

400

I I1 300

I
200 c

I :
l.-~;..;;;...;;...;:;.;;.;:~;;;;.;.;~~;.;:;;.;;;....,._r_- 100d - - - - - - - - - - - - - - - - - __ II Recommended standard for

Safe levels 30d u to 15·Lld oonsu lion rate

-L-6 Sate levels

Figure s. Health-effects summary for magnesium.
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FOOTNOTES FOR FIGURE 5. Health-effects Summary for Magnesium.

a Symptoms of dehydration may include weariness. apathy. impaire.} coordination,
delirium. and heat stroke.

b Based on a cathartic dose of 15 go· epsom salts (MgS04e7H20). effects include
semifluid or watery evacuation in 3 h or less. Doses lower H.a.'"1 15 g produce laxative
effects with a 10nge1.' latency period.

c Although many individuals would perceive water to have an interior taste. a few
individuals might consider water consumable and for them taste alone might not be an
effective warning of possible laxative effects.

d Recommended field-water-quality standard for magnesium-ion concentration for
indicated daily consumption rate and exposure periods up to either 7 d or 1 y.
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Conclusions

The perfonnance-degrading health effects stemming from elevated levels of

magnesium ion above the recommended standards for field-water supplies center on the

risk of dehydration caused by acute laxative action. However, the relationship bet ween

magnesium concentration in drinking water and such action is poorly documented except

for data concerning clinic.eli cuiminist!'ation of magnesium ions in a saline laxative.

We recommend field-water-quality standards for 5 and 15 LId consumption rates on

the basis of the single oral dose of magnesium ions reported to \:ause laxative effects in

fasted individuals when :uiministered clinically as a saline laxative. 14 This dose is 480 mg

and the equivalent field-water-quality standards for 5 and 15 LId for M/2 are 100 and

30 mglL, respectively. Concentrations above these levels are considered to be associated

with increasing incidence of laxative errects. which can lead to dehydration. The actual

debilitating effects of dehydration include discomfort, weariness, apathy, impaired

coordination, delirium, and heat stroke.

As noted in Vol. 4. Part I, the standards we recommend for magnesium may be

conservative because we assume that accumulated individual doses of magnesium totaling

a toxic dose from repetitive drinks of water would exert the same effect as a sL'lgle toxic

dose of magnesium administered clinically as 3 laxative. This assumption was made

because the data needed to resolve this Wlcertainty were not available. As mentioned

previously, synergisms between laxative producing solutes such as chloride, magnesium,

and sulfate are not addressed because of a lack of data.

SULFATE

The sulfate ion (SO~2) is one of the major anions occurring in virtually all natural

waters38 and may be L'80ciated with a variety of dirrerent cations. Most inorganic

sulfates are quite soluble, with the exception of those of lead and barium. Sulfate ions can

be present in water that hu been in contact with sulfur-bearing minerals or they can be

present as the result of several different human activities.

One of the most commo~, sources of sulfate in field-water supplies is leaching of

sulfate salts from evaporite sediments comprised of th.. sulfates of sodium, magnesium, or

calcium. 2,25 Metal sulfides (e.g., iron pyrite), common in igneous or sedimentary rocks,

can be oxidized and can also conh'ibute to a water· s sulfate load; this is frequently a

problem with drainage water from mines. 25 The degradation of natural or anthropogenic

organic matter is another source of sulfate 10 water. 25 For example, the degradation of
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detergents IS known to add substantial quantities of sulfate to waste waters, 2 Finally.

sulfate contamination is known to come from the waste waters of tanneries, pulp mills,

textile mills. and other industrial processes that use sulfates or sulfuric acid. 25

The ability of sulfate salts to cause laxative effects is well established: like

magnesium salts. they are widely prescribed as laxatives and cathartics. In fact, sulfate

ions are administered clinically as saline laxatives and in fasted individuals single doses of

1490 mg of sulfate ion are cathartic. 14

Recommended Field-Wlter-Quality Standards

In Part 1 of Volume 4, the recommended field-water-quality standards for sulfate

are 100 milL for a water-consumption rate of 15 Ud and 300 mg/L for a

water-consumption rate of 5 Lid. These standards are applicable to exposure periods of

up to either 7 d or 1 y because no chronic effects have beer. associated with sulfate

concentrations in drinldna water. The recommended standards are the result of an

anall'sis of the available dose-response data concenuna thtt laxative effects from inaestion

of sulfate ions.

Heal th Risks

The health risks related to the consumption of field water supplies that have high

sulfate concentrations center on the potentially perfonnance degrading effects of

dehydration. Sulfate contributes to the risk of dehydration in two ways: through fluid

losses induced by laxation and through insufficient water consumption to make up for

!iWeat losses because of the refusal to drink water with elevated levels of sulfate.

A 15-g dose of epsom salt (MgS04e1H20) or Glauber's sellt (Na2SO-l.10H20) WIll

produce a cathartic response. including a semifluid or watery evacuation in 3 h or less. 14

Doses lower than 15 g produce a laxative effect with a ionger latency perlOc. for

example, a single 5-g dose of epsom salt or Glauber's salt (i.e" 1950- or 1490-mg dose of

sulfate ions. respectively) administered in dilute solution to a fasting individual is reported

to produce" a significant laxative effect." 14 New users of a water supply hIgh in sulfate

may report diarrhea and a feeling of heaviness in the stomach,39,40 Table 6 contams

sulfate concentrationo; IJl drinking water that have been reported to cause laxative

effects. Multiplication of the range of sulfate levels from Table 6 (about 700 to

1000 mg/L) by a 2-Ud drinking-water consumption rate (typically assoCiated With the

general public) yields a range of dally doses of sulfate (1400 to 2000 mg) comparable to the
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Table 6. Sulfate level.!: in drinking water associated with lllcreased Incidence of laxative

effects.

Laxative concentration
(mg/L) Type of data Reference

720 Case report 28

)750 Survey ~o

) 1000 Survey ~1

range of single doses of sulfate already mentioned as being sufficient tll cause laxatlve

effects (1450 to 1950 mg).

The cation associated with the sulfate appears to have some effect on a sulfate

salt's potency as a laxative. For example. calcium sulfate is reported to be much less

potent as a laxative than sodiwn sulfate or magnesium sulfate042; and magnesium sulfate is

reported to be a better purgative than sodium sulfate. 28 This may result partly from

laxative properties of the cations themselves or from differences in the solubility products

of the sa:lts.

Sulfate is one of the weakest anions with respect to its ability to elicit a taste

sensation. 31 ,33,43 Nonetheless, it is widely accepted that sulfates can contribute to the

undesirable taste of water with a high TOS content. In fact, this taste consideratiol' is the

basis fOl' most of the recommended standards for sulfates In drlnkmg

Ylater. 11 ,25,26.42,44,45 Taste panels have been used to detennine the levels of Ions,

mcluding sulfate, that have an objectionable taste. For example, the mean rating from a

panel that tasted water with 1000 mglL and 2000 mg/l of MgSO -4 indicated that both

concentrations could be accepted by a large portion of the panel as a dally drinking water

supply even though the taste was not good. 32 The objectionable level for sulfate, and

probably most other ions. is well above the taste-threshold level.

The Ion levels that give water an objectionable taste appear to be Influenced by

several factors, making the measurement of objf;ctionable taste levels difficult. For

e)(ample, acclimation is an important factor Influencing the sulfate levels at which people

report an objectionable taste. Dally users of water high m sulfate (and other Ions)

apparently become accustomed to a taste that new or occasional consumers find close to

mtolerable. U EVidence that people adapt to the taste of water With high levels of sulfate

comes pnmanly from reports uf regular use uf drinking water supphes that have
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hi$lh sulfate concentrations. For example, water from several small supplies of public

drinking water in South Dakota had sulfate levels of 1000 to 1200 mg/L and these supplies., ..
were bems consumed by residents of the ill'ea Wi thout extensive physiolOgical effects. -,

Also. there are reports of regularly used drmking-water supplies that have sulfate levels
. ~6 41

rangUl8 from 2000 mg/L up to HOO mg/L.

Figure 6 15 a v1sual gwde for quickly assessing the 1mpact of sulfate concentration on

performance-degrading health effects UI military persormel. The figure shows that sulfate

concentrations in field water above recommended safe levels might increase the incideilce

of laxative effects and therefore the susceptibility of exposed populations of military

persormel to dehydration. Unfortunately, at levels of sulfate above the recommended

standards. neither the proportiull of the exposed ml1itary population affected by laxaHve

effects, flor the severity of those effects, can be estimated from the available data.

Conc lusions

Health effects stemminl from levels of sulfate ion above recommended standards in

field-water supplies center on the risk of dehydration caused by acute laxative action.

This dehydration can cause significant perfonnance delradation. The relationship between

sulfate concentration in drinking water and laxative effects is poorly documented, except

for data conceming clinical administration of sulfite ions in saline laxatives.

We recommend field-water-quality standards for sulfate based on the single oral

dose of sulfate ions reported to cause laxative effects in fasted individuals when

administered clinically as f\ saline laxative. This dose is 1490 mg and the equivalent

field-water-quality standards for SO~2 are 300 mg/L and 100 mglL for 5 and 15 Lid

conswnption rates, respectively, and exposure periods up to either 7 d or 1 y. The actual

debilitating effects of dehydration include discomfort. weariness. apathy, unpaired

coordination, deliriwn, and heat stroke.

As noted in Vol. 4, Part 1, a laxative administered clinically would be given m a

single dose; however, a laxative dose of sulfate corLSumed in repetitive drinks of watel'

uver the course of a day might not exert the same response because of elimination from

the gastrointestinal tlaet. We assume that accumulated mdiv1dual doses of sulfate

totaling a toxic dose at the end of a day would elicit thl! same response as a smgle toxic

dose because data are not available to resolve this Wlcertamty. Therefore, the standards

we recommend for sulfate might be conservative. As mentioned prev1ously, synerg1sms

between laxative producing solutes such c's chlorldtf, magneslwn. and sulfate are not

addressed because of a lack of data.
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figure 6. Health-effects summary for sulfate.
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FOOTNOTES FOR FIGURE 6. Health-effects Swnmary for Sulfate.

a Symptoms of dehydration may include weariness, apathy, impaired cocrdination,
deliriwn. and heat stroke.

b Although many individuals would perceive water to have an inferior taste, a few
individuals might consider water conswnable and for them taste alone may not be an
effective warning of possible laxative effects.

C Recommended field-water-quality standard for sulfate-ion concentration for
indicated daily conswnphon rate and exrosure pariods up to either 7 d or I y.

2-29



Volume 9

ARSENIC

Arsenic (As) is a semi-metallic element -l7 that is capable of fanning numerous

different organic and inorganic compounds. 48 many of which can be found in water, The

oxidation state of arsernc and the water solubilities of the varimJ5 arsenic compounds

affect the toxicity of arsenic in drinking water. Solubility aHe';;ts the likelihood that an

arsenic compound will be present in water and the extent to w~tich it will be absorbed from

the gut. 49

Trivalent arsenic or arsenite (As(lII)) and pentavalent arsenic or arsenate (As(V)) are

the most stable oxidation states in most natural waters. 50 In oxygenated waters As(V) is

more stable than As(lII) , but a large fraction of the total arsenic may stH! be present as

As(lII) because the rate of oxidation to As(V) is slow at neutral pH. 50

In addition to the inorsanic fonns of arsenic. several organic fonns can exist in

water. These compounds include methylarsines, alkylchloroarsines. methylarsenir acids.

and many other more complex compounds.

Arsenic can be present in a wide variety of different natural waters. Typically,

arsenic concentrations are well below levels of concern for health effects. For example.

DUNm !! al.51 fOW1d that 79% of 727 water samples taken from U.S. rivers and '.akes had

less than 0.01 mg/L of total ai'semc; only 2% had levels exceetling 0.05 mg/L.

Arsenic can ent£r the water as the result of a variety of natural processes and

human activities. For example. arsenic-bearing minerals are one possible source of

arsenic in natural waters. Arsenic compounds can also enter water as a result of their use

in many pesticides and herbicides (e,g.. Agent Blue).52 finally, waters can be

contaminated with arsenic from industries that use arsenic compounds; such as glass.

metallurgy, industrial chemicals manufacturing, phannaceuticals, and electronics.48.52-54

Recommended Field-Water Quality Standards

As noted in Part 1 of Volume 4, animal studies suggest trivalent arsenic is :nore

toxic than the pentavalent fonn. However. a difference in potency between these two

fonns of arsenic has not been shown in humans. Moreover. there is no evidence that the

human health effects produced by one fonn of arsenic could even be distinguished from

those produced by the other. In fact, human exposure data for ingestion of inOrRamc.

arsenic generally lIlclude doses that are expressed only in terms of total inorgamc arsemc,

For these reasons we recommended standards for total lnorgamc arsenic in field water,

for dltily water conswnptlon of up to 15 L. the recommended arsenic standards are
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0.1 mg/l for an exposure period up to 1 d and 0.02 mg/l for an exposure period up to 1 y.

For daily water consumption of up to 5 l. the recommended arsenic standards are

0.3 mg/l for an exposure perio~ up to ? d and 0.06 mg/l for an exposure period up to 1 y.

Health Risks

As mentioned previously, the health effects associated with the ir1ilestion of

inorganic arsenic depend on the fonn of inorganic arsenic. its solubility. and valence

state. Most studies on the health effects of inorganic arsenic have involved exposure to

incompletely characterized mixtures of arsenic species.

Reports of human exposure to inorganic arsenic via ingestion include sevtlral in

which the arsenic was consumed in dnnking water. Where exposur8S were high enough to

cause observable effects. several different organ systems were affected. including the

circulatory. gastrointestinal. integumentary. nervous. hepatic, renal, and immune systems.

Table 1 summarizes the doses and effects reported in sevfJral different CBSes of

acute, subacute. and chronic exposures. The doses listed are. in most cases. rough

estimates of total inorganic arsenic. made after the exposure took place. The effects

reported are those from casea severe enough to come to the attention of the public health

authorities. Particularly in the cases of water or food contamination. the total number of

people exposed is not generally known.

As shown in Table 1. the hiWhest arsenic level rrJported in water that is not

associated with any adverse health effects is 1 mg/l. Ar;cording to Goudey.56 the people

in this study were exposed to drinking water containing 0,05 t(\ 1.0 mg/l of arsenic. Thus.

this report suggests that people may be able to tolerat,) levels of arsenic up to 1 mg/l for

short periods of time without serious effects. 56 The t.hird incirlent lillted in Table 7 is a

report of severe arsenic poisoning caused by contaminated beer. Some of the affect.ed

individuals may have consumed as Little as 2 mg/d of ursenic: however, this is considerf:d a

rough estimate because of difficulties in reconstructlllg the daily doses (this result is t-ased

on a study reported in 1901).

In the fourth incident listed in Table 7, 411 people developed serious C'lrsemc

POiSOning after exposure to an estimated 3 mg/d from an accidental contamination of soy

sauce in Japan. 59 The average duration of exposure was estimated to be 2 to 3 wk. The

primary symptoms exhibited by the affected individuals included facia! edema (>80%) and

gastrollltestlI1al symptoms such as anorexia (>80%), nausea (50%), epigastric fullness

(50%), vomiting (35%), and abdominal pain (40%). Skin lesions. upper respiratory

symptoms (e.g" headache. chill, sore throat, rhinorrhea), and signa of neuropathy also
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Table 7. Relationship between dose of inorganic arsenic and health effects as reported in
several literature sources.

Daily dose of
total inorganic

arsenic Acute h~alth Exposure
(mg) Source effects reported conditions Ref'.

0.324 Drinking water No clinical or Long-tenn 55
(high-dose group) hematolo~ical exposurea

abnonnali ties

0.1 to 2.0 Drinking water N\.l "noticeable Several months 56
with 0.05 to effect" exposure
1.0 mg/l

"'2 to 32 Contaminated beer Digestive, Estimated 57,58
with 2 to 4 mg/L circulatory, conswnption

nervous, and was "'1 to
integumentary 8 LId for
systems affected; several
some deaths months

"'3 Contaminated soy Digestive, 2- to 3-wk 59
sauce circulatory, exposure

nervous, and period
integumentary
systems affected;
no deaths

3.8 Arsenical Skin symptoms 2-d exposure 60
medicine (cited as example

of sensitive
individual)

20 Various Acute intoxication Single dose 61

70 to 180 Various Fatal Single dose 62

a The exposure period is described as "long-·tenn, -. but the authors of the paper noted
that it may have been shorter than the exposure period in other studies in which chronic
arsenic intoxication was fOW'ld (e.g., studies in Chile63 and Taiwan64J. Eighty-five
percent of the residents in the study area had lived there for less than 10 y. 5
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developed in about 20% of the affected cases. fl9 These effects would certainly interfere

with a soldier' 5 ability to perfonn any kind of task.

Because the actual number of people exposed is not available, it is not known what

percent of the population would be affecterl to the extent described. However. Holland's

comment. that a patient reacting to a daily dose of 3.8 mg of arsenic in the fonn of As20 3
was an example of a sensitive individual. suggests that it would not be a large

percentage.60 A single oral dose of 20 mg is reported to produce severe acute

intoxication.51 and 70 to 180 mg can result in hwnan death. 52

Table 8 presents incidents of chronic health effects that resulted from exposure to

inorganic arsenic in drinking water and which wele reported in the literature. The

infonnation contained in Table 8 suggests that chronic exposures above 0.40 mg/L cannot

be tolerated for prolonged periods without producing perfonnance-degrading effects such

as skin changes, respiratory symptoms, cardiovascular effects, and gastrointestinal

disturbances.

Additionally, cancer and some nervous disorders may develop long after the period of

exposure has ended. 72 In one case, a woman ingested larger than nonnal (-14 cups of

coffee per day) amounts of well water with 1.2 mg/L of arsenic; after 4 months, she

developed skin, gastrointestinal, and peripheral nervous symptoms characteristic of

arsenic intoxic~tion. Twelve years later she began to develop multiple skin carcinomas of

the type associated with arsenic (basal-cell carcinomas and squamous-cell carcinomas). 73

The first two studies in Table 8 found no increase in the incidence of skin cancer6S

or peripheral neuropathy66 at mean total arsenic levels under 0.05 mg/L. Hindmarsh ~t a1.

examined 92 people in Nova Scotia who were using well water with more than 0.05 mglL

of arsemc.67 As noted in Table 8, the group with wells containing between 0.05 and

0.10 mg/L had a higher prevalence of clinical symptoms and of abnonnal electromyograph

(EMG) readings than did the control group. The group exposed to drinking water with

arsenic levels above 0.10 mg/L (0.10 to 1.40 mg/L) had an even higher prevalence of

clinical symptoms and att'lonnal EMG readings. The clinical findings and EMG readings for

the 0.05 to 0.10 mg/L group were all considered to be very mild effects. not severe enough

to interfere with a person's ability to perfonn a complicated task such as driving a car. 74

The shortest exposure period for a person with abnonnal EMG readings WclS 2 y,67 Thus. it

appears that a year of exposure to less than 0.10 mg/L would not produce a

perfonnance-degrading neuropathy. However. the delayed appearance of nervous system

~roblems. as documented in other cases. cannot be ruled out. 72
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Table 8. Relationship between dose of inorganic arsenic and chronic health effects
reported in the literature.

Arsenic level in
drinking water

0.004 to 0.017 mg/L
average (5% of samples
>0.10 mg/L)

0.04 mg/L median
(range. 0.001 to
4.80 mg/L; mean - 0.35)

0.05 mg/L
(range, to
1.40 mg/L)

0.05 to 0.10 mg/L

>0.10 mg/L
(range, to
1.40 mg/L)

0.18 mg/L and
0.21 mg/L averageC

(range. 0.05 to
0.75 mg/L)

0.22 mg/L average
(range. 0.001 to
2.45 mg/L)

0.41 mg/L
(range. 0.16-0.53 mg/L)

0.40 to 0.60 mg/L
(range, 0.01 to
1.82 mg/L)

0.60 mg/L average
(range, 0.05 to
0.96 mg/L)f

Chronic health
effects reported

No increase in inciden:e
of skin cancer

No dose response for
arsenic ingestion; no signs
of peripheral neuropathy

Increase in arsenic
accumulation in hair;
no specific illness

Abnormal clinical findings
in 16% of population. 10%
in controls; abnormal
EMCb in 17%, 0% controls

Abnormal clinical findings
in 40% of population;
abnonnal EMCb in 50%

No typical signs or
symptoms

No effects

Skin symptoms 21.6%. 2.2%
in controls; higher prevalence
of gastrointestinal symptoms
in exposed population

Prevalence rates for
hyperpigmentation. keratosis,
skin cancer. and gangrene
of extremities were 183.5,
71.0, 10.6, and 8.9/1000,
respec tively

Skin changes. respiratory
symptoms. cardiovascular
effects. gastrointestinal
symptoms
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Exposure
period Ref.

Not 65
detennined

~2 ya 66

Not stated 64

>2 yb 67

~2 yb 67

~5 Y 68

Long termd 55

POpll!cltion 63.70
was using
contaminated
well for
-50 y

15 Y 71
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Table 8. (Continued)

Arsenic level in
drinking water

0.80 mg/l average

Chronic health
effer.ts reported

Skin changes. respiratory
syrm.ltoms. cardiovascular
effects. gastrointestinal
symploms; 12 y exposure

Exposure
period

12 Y

Ref.

63

a Two out of the 147 participants were kept in the study because they had a high arsenic
level in their drinking water (2.65 mg/l) even though they had lived in the study area for
only 13 months.

b The minimum time a patient with electromyographic (EMG) abnormalities had used a
well with high arstlnic concentration was 2 y. Exposure period for ot'iler study subjects not
reported.

c Two "exposed" communities were studied. one with a mean arsenic concentration of
0.18 mg/l and one with a mean of 0.21 mg/L.

d The exposure period is described as "long-term," but the authors of the paper noted
that it may have been shorter than the exposure period in other studies in which chronic
arsenic intoxication was found (e.g.. studies in Chile63 and Taiwan641. Eighty-five
percent of the residents in the study area had livEld there for less than 10 y. 55

e The shortest period of exposure after which lesions were dete\. ted was 8 y for
hypopigmentation. Other skin symptoms had longer minimwn exposure periods. No
exposure periods were reported for the appearance of nonspecific symptoms (e.g .•
g85trojntestinal symptoms).

f Average represents weighted mean from 1955 to 1970; range applies to same period.

In another study, signs of arsenic intoxication were loc.lked for in two .. exposed"

groups of Utah residents: one with a mean total arsenic concentration of 0.18 mglL in its

water supply and another with a mean concentration of 0.21 mg/L.58 No evidence was

fountl of arsenic intoxication in the fonn of statistically significant increases in the

prevalence Qf =memia. dem18tological !ilYTfiptoms. or neurological symptoms in the exposed

groups. Southw;ck et al. did note among the exposed group, however. a slightly increased

proportion of people with a slowing of nLrve conduction.68 A similar study in an Alaskan

commwuty that had been exposed to a slightly higher level of arsenic (0.22 mg/L) also

foun"; no evidence of anemia. dennatological symptoms, or neurological symptoms. 55

The last four epidemiological studies in Tahle 8 document effects occurring when

levels of arsenic in water exceed 0.40 mg/L. In all of these studies. adverse effects
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typical of chronic arsenic intoxication were found; and in all four of these studies, the

commwlities had been exposed to arsenic in their drinking water for several years. In

Chile. Zaldivar documented the appearance of arsenic intoxication in babies after as few

as 2 years of exposure. 71

Figure 7 is a visual guide for quickly assessing the impact of total inorganic arsenic

concentrations in field water on the performance of exposed military personnel for the

consumption rates and exposure periods just mentioned. The figure shows that total

inorganic arsenic concentrations in field water above recommended safe levels can le~d to

an increased risk of performance-degrading health efffJcts in exposed military personnel.

Consequently, the higher the arsenic concentration is above th~ .... level, the greater the

risk will be that many of the expo.ied military personnel will develct nptoms that can be

perfonnance degrading or even lethal. Unfortunately. the pror In of the exposed

military population that could be affected by perfonnance-degraeu. .ymptoms. at levels

of arsenic above the recommended standards. ca.'U1ot be estimated f1 1 thF! available data.

Conclusions

Reports of human expoRure to inorganic arsenic via ingestion include several in

which the arsenic was consumed in drinking water. Wnere exposures were high enough to

cause observable health effects. several different organ systems are affected. !.ncluding

the circulatory, gastrointestinal. integwnentary. nervous. hepatic, renal. and immWle

systems. These effects could be perfonnance-degrading.

While the literature suggests that people may be able to tolerate levels of arsenic in

drinking water approaching 1 rng/L for short periods.56 higher concentrations could cause

facial edema and gastrointestinal symptoms such as anorexia. nausea. epigastric fullness.

vomiting, and abdominal pain. Skin lesions. upper respiratory symptoms (e.g., headache.

chill. sore throat. rhinorrhea), and signs of neul'Opathy are among the chronic symptoms

that might also occur.59 These effects would certainly interfere with a soldier's

performance. Consequently. the recommended standards for arsenic were derived to

protect military personnel from both acute and chronic effects. For exposure periods of

up to 7 d. we base the standards for 5 and 15 Ud consumption rates on a daily dose of

1.5 mg/d and for exposure periods up to 1 y we based the standards on a daily dose of

0.32 mg/d. 3
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b Symptoms of acute arsenic toxicity may include edema. nausea. vomiting. headache,
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c Characteristic sym.,toms of chronic arsenic toxicity include skin effects (pigmentation
changes. keratosis. and skin cancer), gastrointestinal problems, penpheral vascular
disease. and newological changes.

d Recommended field-water-quality standard for indicated daily conswnption rate and
exposure periods.

Figure 7. Health-effects swnmary for arsenic.
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CYANIDE

According to Jenks, 75 the simplest inorganic cyanides are the cyanide sal ts,

including the commonly used industrial salts. NaCN. KCN, and Ca(CN)e' These salts are

very soluble in water and are hydrolyzed to release free CN- ions. 7
,77 Other simple

cyanide salls have varying solubilities in water. 77 Cyanide complexes can also form with

some of the metals. including iron, nickel. cobalt, zinc. silver. cadmium. and mercury, (n

water, these complexes dissociate to different degrees and release metallocyanide anions.

which can dissociate further into the metals and cyanide ions. 78, 79 An example is the

ferrocyanide complex. which is relatively nontoxic and which slowly releases CN- into an

aqueous solution. Two factors limit the aqueous transport of cyanide: hydrogen cyanide is

quite volatile, not staying in solution. and the cyanide ion is highly reactive, tp.nding to
fonn low toxicity complexes in water,,76.80,81

Chlorination of water that contains HCN results in the fonnation of the highly toxic

cyanogen chloride (CNCl),79 as well as the much less toxic cyanates (OCN-). 2 Cyanogen

chloride can persist for more than 24 hours and slowly hydrolyzes to the cyanate ion.82

Cyanide (as hydrogen cyanide) is commonly known to have the odor of burnt almonds.

However, anecdotal reports of individuals unable to detect their own exposure to

dangerous levels of cyanide suggest that odor cannot be relied on as a warning against
'd ' , 83cyaru e pOlsonmg.

Cyanide can contaminate drinking water in several ways. The most important of

these appears to be the discharge of cyanide-containing wastewater from industrial

processes, particularly those associated with the metals processing industry. for example.

industrial discharges have been implicated in most of the cyanide-pollution events serious

enough to cause r'ish kills or to threaten human health.82 ,84-86

Cyanide is used in the metals processing industry for electroplating, heat treating

(case hardening), and metal polishing. 2,75 Coal carbonization for the production of coal

gas or in coke ovens generates large amowlts of cyanide, which can reach water

supplies.82 ,87 Another source of cyanide in natural waters is wastewaters from many

mining operations, as they contain cyanides that are used in the extraction of metals, such

as gold and silver, from ore. 75 ,87

f'hotograph and blueprint dtlveloping may also be .;aurces of cyanide contamination
?

for natural waters because they frequently use solutions of iron-cyanide complexes. ~

Another industry with a potential to release cyanides into the environment IS chemical

manufactunng, because cyanides are used in the production of dyes and pigments.

agricultural chemicals, plastics, pharmaceuticals, and several other products. 75 Cyanides
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and their derivatives are also used in agriculture and could enter water as pest funllgants.

herbicides (cyanuflc chlonde), and fertilizers (calcium cyanc,mlde). 75,78

Microbial metabolism of nitrogenous compounds by bactena. fungI. and algae can

also be responsible for the presence of cyanide in water.1~j,80 Microbial decomposltlon of

cyanide-containing plant material and domestic sewage c.onstitutes a constant source of

cyanide for some bodies of water. aS Levels attrIbuted to these sources. however, are

much lower than those resulting from industrial or :lgricuHural contamination.

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, field-water-quality standards for cyanide are recommended

to be 2 mglL for an assumed water-consumption ratft of 15 Lid. and 6 mglL tor a a-LId

consumption rate. These recommended levels are applicable to exposure rates of up to

eithp!' "! d or 1 y because there is no reason to expect that chronic health effects will

a;-r''''ar in an ar.' quately nourished military population that is not subjected to repeated

acute cyanide toxicity. The recommended standards are based on the correlation between

whole-blood concentrations of cyanide and physiological effects. and the use of a

one-compartment phannacokinetic model to estimate the concentrations of cyanide in

whole blood that can result from the consumption of cyanide-containing water.

Health Risks

c) anide is known to cause acute health effects by blocking electron transport, thus

preventulg the body from using oxygen. in addition, cyanidt! has been 8SS')ciated wIth a

few chr..:-nic conditions (e.g., neuropathies, goiter, and d.ubetes) in some susceptible

populations (e.g.• those with dietary deficiencies, malnutdtion. or hereditary sensitivity).

These chromc conditions may be relat. i to long-tenn exposure to low levels of cyanide.

The cyanide ion is detoxified rapidly to thiocYlUlate (detoxification is mediated by

the enzyme L'hodanese); therefore, the accumulation of an acutely toxic level of cyanide

will occur when the rate of dosing 'axceeds the rate of detoxification plus excretion. The

effects produced by an acute exposure to cYcIJude will be influenced strongly by the penod

of time over which the dose is administered, Once a toxic concentration is accumulC1ted,

the cyarude exerts its effects rapidly, acting 'is a chemical asphyxiant and preventing the

use of oxygen in cellular resph'ahon. The nel'Vous and respiratory systems are the first to

fail in severe cyarude poisoning.
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As mentioned previously, the malor health effects associated with chrome exposure

to cyanide are neuropathies. goiter. and diabetes. The primary evidence hnking these

conditions to cyanide are reports of high inCidences of thestl diseases In regiOns of high

cyanide consumption, particularly regions of Africa and the Caribbean where the

cyanide-contaimng cassava root IS the staple food. B8--93 Also. reports have been madli! of

neuropathies and goiter developing in oc~upationally exposed populations,94,95 Although.

(hese conditions appear to occur Ln populations With dietary defiCiencies or hereditary

sensitivities. they may have occurred as a result of repeated acute anoxias caused by

exposures to high levels of cyarude.

Table 9 shows the relationship between cyanide ion concentration in dnnking water

and acute health effects. Symptoms of cyanide intoxication include headache.

breathlessness. weakness. palpitation, nausea. giddiness. and tremors. and these symph).ns

are considered perfonnance degrading. A one-compartment phannacokinetic model that

is based on first-order absorption and elimination was used to compute the doses of

cyanide that are used to estimate concentrations in drinking water for the different

conswnption rates. 96 This model is discussed in detail in Volume 4. along with the

parameters used to derive the concentrations presented in Table 9.

halUre 8 is a visual guide for quickly assessinl the impact of cyanide concentrations

in field water on the performance of exposed military persoMel. The figure shows that

cyanide concentrations in field water above recommended safe levels can lead to an

Lncreased risk of perfonnance-degrading health effects in exposed military personnel.

Consequently, the higher the cyanide concentration ilS above the safe level. the greater the

risk will be that many of the exposed military personnel will develop symptoms that can be

perfonnance d~8rading or even lethal. Unfortw18tely. the proportion of the exposed

military population that could be affected by perfonnance-degrading symptoms, at levels

of cyanide above those recommended as standards, cannot be estimated from the avaHable

data.

Conclusions

Exposurp to cyanide in drinking water can lead to a vanety of perfonnance­

df'grading health ~ffects. Once a toxic level has accumulated in the biood. the cyamde

exer',s its effects :apuily. acting as a chemical asphyxianl. The nervous and resplr.:'tory

systems are tht1 first to fail. Typical symptoms of atute exposure to cyanide mclude

headache. breathlessness. weakness. palpitation. nausea. giddiness. and tremors.
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Table 9. Cyarnde in drinkmg water: dose-effect relahonships.

Concer!trahon 10 drinking water lmg'LI
5 LId 15 Lid Health effects

------------------------ ---------------
o to 6

6 to 12

12 to H

24 to 48

o to 2

2 to ~

4 to 8

8 to 16

>16

No effects

PossIble changes 10 blood chernls try, a
but no climcal effer.ts likely

Detectable changes 10 hlood
chemistry.a but no climcal dfects
likely

Metabolic acidosis. wlth Sj:3vere. but
reversible clirucal symptornsb

Life-threatening toxicity, wlth
increuing likelillood of death as
concentrations of cyanide Increase

---------------------------------.----
a Changes appear in bue deficit, oxygen content of mixed venous blood. ATP content.

and lactate pyruvate ratiol.

b Typical symptoms of cyanide intoxication include headache. weakness, palpi tatlOn.
nausea, breathlessness, and tremors.

Concentrahons of cyanide in field water that could produce toxic levels In the blood

and lead to performance-degrading health effects In military personnel conswmng up to 5

or 15 Ud for penods up to either 7 d or 1 yare estimated to be greater than 6 and 2 mglL,

respectlvely.

THE PESTICIDE LINDANE

A great variety of pestiCides are used worldWIde. In the screemng analySIS we

performed on pesticides in worldWlde use. the basic conclUSion was that whlle PHStlClde

contanllnation IS wldespread. it IS only nu~ly severe enough to threaten troop health.
1j7

Of the many pestIcides we exammed (see Ref, 97 for detaIls), lIndane. a halogenated

hydrocarbon. app,-,ars to have the greatest potentIal for belIlll fOWld at dangero~ levels 10

2-·P



volume Ij

Short·term (!07d)
or long·term (s1V)

ellposure and a
cor,sumption rate

ofuplO
5Ld

Field·water
concentration uf cyan.de

(~L)

ShorHeim (s7di
or Iong·te,rm (~ y)
exposur. and a

consumption rate of up to
15 lid---- ----

50
~;.....;;...;,p.------- 48

•I

Metabolic acidoliS.
with Itvere, but

reversible symptoms •

Uetabolic 1dd01i1.
wtth lI",r., but
r."e,..b6t .~mptom..

\.-~--....---24

I

L
2118---,.-----------
I

12
I

RecommendOd Itandard 1,0
for up to 5·Ud • -or-.....

consumption rate b j Detectable changel in btood
~ • ctlemiltry I btJt no cMnlcal e"ectl

T 4-
Safe le"ell 2b Recommended Itandard for

1. , Safe 1.",11 [ up te" , 5·Ud conlumpllon rate
-,-------- 0 ~----.......

Detectabft changu
in blOod chernltry I

but no cUnical etf~1

30

a Symptoms of acute cyarude toxicity can include headache. weakness. palpitation,
nausea. glddineu. and tremors.

b Recommended field-water-quality st&l\dard for IJ\dicated daHy coru;umptlon rate and
exposure penodl up to eather 7 d or l y ..

Figure 8. Health-effects swnmary for cyarude.
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fil~ld water. This concluslon was based on data related to its use. production. occurence in

n'ltura! waters. and toxicity. As such. the health risks assoclated with 1Illdane

cuntamination of drinking water are presented.

Lindane is the common name for the gamma-isomer of the chem1cal

1.2.3.4.S,6-hexachlorocyciohexane (HCH). The gamma-isomer is the main insecticidal

component of the HCH mixture98 ,99; technical-grade HCH contains approximately 13 to

101% of the gamma50mer. This frachon 1S isolated to a high degree of purity durang

production. 100 To be designated as ., lindane," it must have at least 99%
gamma_HCH.98.101

Lindane is known worldwide by several other names. Some of the most commonly

used names are Camaphex. gamma-HCH, Gamma-BHC. Gammalin. Gammex. lsotox.

Lindafor. Lantox. Nexit, Novigam. Silvanol, Agromexit, Gammexane. Exagama, forlin,

Gallogama. Inexit. Lindagam. Lindagrain, Lindagramox, Lindalo. Lindamul. Lindapoudre.
and Lindaterra. 98,102,l03

Lindane is a colorle. soUd with a slightly musty odor, a melting point of 112 to

113°C. and a vapor pressure of 9,4 x 10-6 mm Hg at 20'C. 98,103,l04 It is slightly soluble

in water, wlth reported solubilities of 1.3 to 10 ppm at 20 to 2S'C. 12.0 ppm at 3S'C, and

14.0 ppm at 4S oC.98,l03 It haa an odor-detection threshold of 12.0 ppm. lOS

Lindane is used widely as an agricultural and household insecticide. scabicide.

pediculicide. paruiticide, and in baits for rodent control. 98,106 As an insecticide. it is

effective against soil-dwellina and plant-eating insects fOWld on fruit. rice, cereal,

vegetable. sugarcane. sugarbeet. oil seed. and coU"n crops.98, 102, 101 As such. it is likely

to be encoWltered any place in the world. Lindane is also used as a public health measure

against the mosquito vector of malaria and the triatomid vectors (reduviid bugs) that
transmit Chagas' disease. 103 ,108.l09

Lmdane is reported to be moderate'.' pers1stent in natural water. WWl a half-hfe of

6 to 25 wk. 110 Biodegradationlbiotransfonnation appears to be the most 1mportant

process involved in the delradation of lindane in the aquatic environment, 111

Lindane hu been round in a variety of waters throughout the world. Most of the

reported occurrenc~.. were in l.iamples of surfate waters. prlmarily rivers. Levels

lip to 2.0 \oIlI/L have been detected occasionally in surfai:e waters. but most monatored

concentrations of lindane are well below 1.0 ~g/L. High concentrations (1920 \JilL) of

lmdane were detected in rice-paddy water in Iran112 and Ifl~anal water in Gennany

(i',l ~lI/L),113 However, concentrations at or near these levels have been measured only 10

water near agncultural activltles. CroWldwater samples from l"ra'Jl and Egypt contained

only low levels of lindane.114.115
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Lindane is believed to enter water systems via rainfall. l'Wloff. leachmg, direct

application for mosquito control, or from its use on nce. 109,112.116,117 Because lindane

is adsorbed by upper soil layers. it does not appear that significant amOlmts of lindane

reach the water by l'Wloff or leadung. 116 However, since lindane has been known to

persist in soil for 10 y or more (95% diltappears in 3 to 10 y). the possibility of its presence

in a soil environment should be noted. 118

Recommended Field-Water-Quiility Standards

In Part 1 of Volwne ~. military field-water-quality standards for lindane are

recommended. For 5- and 15-Ud water conswnption rates, the recommended standards

are 0.6 and 0.2 maiL, respectively, for exposure perioM up to either 7 d or 1 y. These

recommendations are based on an evaluation of the daily dose of lindane that produced no

effects in rats in one lifetime feedina study and shaht liver enlargement in another. and

the lowest daily dose reported to cause adverse effects in hwnans. From this evaluatioll

we ,,=oncluded that a dose of 3 mgld should be used as the rnaximwn allowable daily dose of

lindane for hwnans. This daily dose is a factor 01 10 lower than the smallest one reported

to cause adverse effects in hwnL"lS over a period of three days.

Health Risks

A variety of symptoms have been reported following the ingestion of gamma-HCH

(lindane) and technical-arade HCH. With increasing dose. the reported symptoms include a

buming sensation of the tongue, nausea, dizziness, restlessness, frontal headaches,

vomiting, upp.,r abdominal pain accompanied by diarrhea, enhanced urination, increased or

decreased heart and respiration rate, muscle fasciculation, equilibriwn disorders, tremors.

ataxia, and reflex slow'.ng or 1051.119-121 At higher doses. severe epileptifonn sei:tures

can occur,122 as well as. acute renal failure and pancreatitis,123 followed by eventual

central respiratory failure and acute ca!diovascular collapse, stupor, confusion, metabolic
acidosis. coma, and death. 123, 124

Characterizing a dose-response fWlction for exposure to Lindane, including the

Identification of a no'-effects leveL is very difficult. This is due, at least In part, to

(1) the fact that reported incidents and experiments have involved a variety of carriers.

and carriers appear to substantially influence toxiCity; (2) an apparently large amount of

Individual variability In response to lindane; and (3) very approXImate estimates of doses in
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some cases that are reported to cause health effects. For example, the short-tenn dose

regimens for lindane that produced no adverse reaction in humans included: (1) 45 mgld in

a lipid carrier, administered for 3 d 121; (2) 90 mg/d in a lipid carrier, administered

apparently for 3 d121; (3) 40 mg/d as a ~o"j. administered for 14 d120; and (4) 100 mgld a',

a solid administered for 14 d. 120 [n contrast to these, a single dose of 45 mg causeI'!

convulsions in one patient, and 30 mgld for 3 d caused nausea, stomach pains, and diarrhea

in three patients, as well as dizziness and vision problems in a fourth patient. 121

Additionally, although health effects have been observed in populations occupationally

exposed to HCH for long periods,125-130 and in general populations following prolonged

consumption of contaminated grain,131 the exposure levels for tht'se incidents were not

estimated, Therefore, to arrive at an acceptable daily dose for military personnel who

will he expo.'ied to field water for periods up to 7 d or 1 y, we apphed a safety factor of 10

to the lowest daily dose of Lindane reported to cause adverse health effects in humans

(30 ma/d).121 This dose (i.e.. 3 reg/d) is then divided by the asswned daily rate of water

conswnption for military persoMel. either 5 or 15 Ud, to arrive at corresponding safe

levels of Lindane in field water. Military persormel consuming field watttr containing levels

of lindantl above those considered to be safe are subject to the possibility of increasing

susceptibility to sill\ifieant nervous system ~hMges. Such change. were observed in

laboratory animals (i.~., rats) adminlstered lindane in daily doses of 5 mg/ks of body

weiaht over 3 months. 132

Based on a minimum-effects-Ievel dose of 2.5 '"S/(kged) of Lindane administered to

rats in a Lifetime feeding study, 133 and applying a la-fold safety factor to this daily dose,

the estimated daily dose for 1 y for a 70-kg adult is 1".5 mg/d. Because this dose is ovtlr

half of the minimal dose that produced adverse effects in humans l30 ms/d), we did not

consider it a conservative enou@h estimate upon which to base safe levels for lindane in

field water. Therefore, in our judgment should military personnel consume field water

containing Lindane at concentrations above those based on a dose of 17.5 mg/d (3,5 ms/L

for 5 Ud; 1.2 mg/L for 15 Lid), they will be subject to an increasing risk of developing

clinically observable signa of poisoning.

Figure 9 iii a visual guide for quickly assessing the impact of lindane concentrations

in field water on the perfonnance of exposed mllitary persorme1. The figure shows that

lindane concentrations in field water above recommended, safe levels can lead to an

increased risk of perfonnance-desrading health effects in exposed mllitary personnel.

Consequently. the higher the Lindane concentration is aoove the safe level. the greater the

risk Wlll be that many of the exposed military personnel will develop symptoms thllt can be

perfonnance degrading. Symptoms can range from the possibility of subclinical nervous



Short·term (S 7d)
or long-term (S 1y)
exposure and a

consuf1"4)tion rate
of up to

SUd

Field-wat,r
concentration

ot Mndane
(mglL)

5

I
4

I
3.5

I
3

2

Volume ~

Short·term ~ 7d)
or long-term (S1y)

exposure and a
consumption rat,

or up to
15 Ud

Possibility ot increasing
susceptibility to nervous
system changesb

1.2 --.---J

Recommended standard I

tor up to S-Lld 1.0
consumption rato I c Recommended standard

I....----'l~--,- 0.'I tor up to 1S-Ud
conlurJ1)don rat.

Safe Iev.1I 0.20-----.....-----'
I I Sat. levels

._-,~--- 0

a Based on extrapolation to hwnana from a minimal-effects dose reported in a Lifetime
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Figul'e 9. flealth-effects summary for Lindane (gamma-isomer 1, 2, 3, ~, 5, 6-hexa­
chlorocyclot.exane).
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system changes. which might not be performance degrading, at concentrations just above

the recommended levels to clinically observable signs of poisoning, including significant

nervous system changes. at much higher concentrations above the recommended levels.

Unfortunately, the proportion of the exposed military population that could be affected by

performance-degrading symptoms. at concentrations above recommended safe levels.

cannot be estim!!tpd from the available data.

Conclusions

Lindane, a representative pesticide in use worldwide, induces a wide variety of

dose-dependent symptoms when ingested in drinking water. These symptoms include

nausea. vomiting, frontal headache, restlessness. upper abdominal pain, diarrhea, tremors,
. d fl 1 119-121 A hi h d '1'f' f 11 datClXla, an re ex oss. t g oses, epl eptl orm selzures can occur, 0 owe

b ' , f 'I d d h 122-124Ymalor systemiC a.l ure an even eat ,

ALGAE AND ASSOCIATED AQUATIC BACTERIA

Algae and associated aquatic microorganisms are commonly found in fresh and

marine waters. Many of these aquatic microorganisms have been identified as the source

of taste and odor (organoleptic) problems, particularly in drinking-water
, 134-136 C b t ' (bl al) d t' t ( , .reservolI's. yano ac ena ue-green gae an ac momyce es gram-poslhve

filamentous bacteria) are the most important of these microorganisms from a military

field-water-quality perspective because they can release the compounds geosmin and
2-methylisobomeol (MIB) into water.135.137-142 These substances are persistent and

cause taste and odor (organoleptic) problems at extremely low concentrations. For

example, detection thresholds for the taste and odor of geosmin and MIB vary hom 1 to
10 ng/L. depending on the sensitivity of the individual. 135, 143.144

Fresh-water cyanobacteria may also produce other biochemicals (Le" alkaloid,

lipopolysaccharide. and polypeptide compounds) of potential military concern. For

example. poisonings of livestock a.'lrl domestic animals have been attributed to ingestion of

water containing these substances and/or concentrated masses of the microorganisms that

d th 145-141 M h" '1 'd h' d' t 1pro uce em. oreover. t ere IS clfcwnstantla eVI ence t at m lca es :l causa

relationship between otherwise unexplainable outbreaks of advl!rse health effects in human

populations and the presence of cyanobaGteria and their toxic biochemicals in public

drinking water supplies. 148-155 In natural waters, especihlly fresh surface waters.

cyanobacteria grow in close association with actinomycetes and are a postulated source of
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nutrition for the actinomyeetes. which peak in population when the cyanobacteria

ul . 't d lin 137pop atlOn starts 1 s ee e.

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, a field-water-quality standard of 10 nglL is recommended for

geosmin and MIB, the taste- and odor-causing metabolites of cyanobacteria and

actinomycetes. The recommended standard is based on the organoleptic properties (Le"

taste and odor) of these biochemicals. The standard was developed almost entirely from

data presented in the literature that address the relationship between possible rejection of
drinking water and taste and odor produced by geosmin and MIB. 135,136.156 Although no

evidence exists to indicate that these substances are toxic. especially at such an

extremel) low concentration. higher concentrations might indica!:e the presence of other

potentially toxic biochemicals produced by cyanobacteria, particularly if algal blooms are

present.

Unfortunately, the data are too limited to permit recorr... ;lendation of standards for

the toxic compoWlds associated with cyanobacteria in algal blooms. As pointed out by

Bourke et. i!!., 150 human aversion to discoloured, foul-tasting, malodorous water accoWlts

for the scant infonnation concerning human algal intoxication. These biochemicals are

toxic to livestock and domestic and laboratory animals, but interspecies extrapolation.

especially to humans. is made difficult by confoWlding variables (e.g., differences in

digestive systems, responses, and dosage equivalents). Consequently, we suggest that field

waters containing algal blooms and detectable odors be avoided by military personnel or be

used only after treatement with acttvated carbon to remove perfonnance-degrading

natu:-al biological substances.

Health Effects

Virtually all the reported incidents of animal or possible human poisonings. and most

of the accounts of organoleptic problems, correlate with the presence of heavy blooms of

cyanobacteria and actinomycetes (an algal bloom is the accumulation of dense masses of

algae and accompanying bacteria along shore lines as a const:quence of wind and wave

action) in drinkmg water. Usually, blooms occur as part of the eutrophication process

(Le.. the incr~ase in biological productivity of a water body, and, subsequently, its detritus

content, as a result of favorable tt!mperature and nutrient enrichment introduced naturally
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or as a consequence of pollution from human activities) in surface waters. Thus. the

biochemicals of military concern are most likely to be at critical levels when algal blooms

are present.

The biochemicals of mihtary concern that are released into water by cyanobacteria

and actinomvcetes can be grouped into two categories: (1) those that impair the

organoleptic properties of the water and (2) those that produce toxic effects following

ingestion or nonconswnptive exposure. Geosmin and MIB belong to the first category and

the alkalojd. lipopolysaccharide (LPS), and polypeptide toxins belong to the second one.

Geosmin and MIB are produced by a wide variety of cyanobacteria and
actinornycetes,135-141,142,157-159 whereas, the toxins generally are attributed to only a

few species of cyanobacteria. Mil:rocystis aernginosa, Anabaena nos-aquae. and
Schizothrix calcicola.145-147,155, 160, 161

The implication for military persoIU1.el in the field is that two different types of

perfonnance-degrading health effects might result from the presence of high

concentrations of cyanobacteria and actinomycetes in a field water: (1) direct effects

associated with the toxicity of alkaloid, LPS, and polypoptide compounds released by

cyanobacteria, and (2) indirect effects related to the release of the organoleptic

metabolitbS aeosmin and MIS by both cyanobacteria and actinomycetes.

The most chemically and phannacologically understood alkaloid toxin is

anatoxin_a. 146 It is a potent neuromuscular blocking agent. 146,162 However, no human

deaths have been directly correlated with the ingestion of water containing alkaloid

toxins. Lipopolysaccharides (endotoxins) have been isolated from common gram-negative

bacteria and cyanobacteria.153.155 Characteristic responses by humans to LPS from

gram-negative bacteria are endotoxemia (the presence of endotoxin in the blood) and

pyl'Ogenicity (fever).153 However. the effect on human populations of ingestion of drinking

water containing LPS of cyanobacterial origin is a controversial subject because the"~ is

little evidence to suggest that a nonnal population would lie affected by ingesting drinking

water containing LPS. 146 Nevertheless. gastroenteritis and "travellers diarrhea" have

been attributed to elevated concentrations of LPS in drinking water supplied to

Sewickley, PA (2.5 mg/L or 10 to 100 times what is found in nonnal conditions) and Mexico
City (0.8 mg/l).153, 155

lnfomlation about the polypeptide toxins is limited. However, evidence presented by

Falconer et al., 163 indicates that a bloom t)f Microcystis aernginosa in a reservoir

containing drinking water for the city of Annidale, Australia, was probably responsible for

increased liver damage among members of the population using that water. According to

Falconer et al.,163 the pentapeptide hepatotoxin of Micl'Ocystis aernginosa enters water
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Figure 10. Health-effects summary for the organoleptic metabolites (geosmin and
MIS) of algae and associated aquatic bacteria.
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FOOTNOTES FOR FIGURE 10. Health-Effects Summary for the Organoleptic
Metabolites (geosmin and MIB) of Algae and Associated Aquatic Bacteria.

a Estimates for a military population are based on infonnation avai.tc1hle in the
literature on the predicted response of the general public to geosmin and MIB in
drinking water. 135.136, 156

b Symptoms of dehydration include weariness, apathy, impaired coordination,
delirium, and heat stroke.

c The greatest number of complaints from the general public appear to occur at
concentrations of geosmin above 30 ng/L. This is not recommended as a standard
for military personnel because it exceeds the minimum background level of 10 nglL
reported by Burlingame et al. 3 upstream from an algal bloom, indicating that
concentrations exceeding 10 nglL may be associated with the presence of toxins
released by cyanobacteria.

d Because geosmin and MIB affect the organoleptic quality of water (Le., taste
and odor), the recommended field-water-quality standards are applicable to any
consumption rate. including 5 and 15 Ud.

e Poisoning from toxins released by cyanobacteria is considered unlikely at
concentrations of geosmin and MIS less than or equal to 10 ng/L. WARNING: Risk
of poisoning from toxins released by cyanobacteria increases at levels above the
recommended standard for geosmin and MIB, especially if an algal bloom is present
and earthylmusty odors are detectable.
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when these cells are damaged. Consequently, the toxin may be releMed in the stomach of

humans or rumen of livestock following ingestion of drinking water containing the alga or

it may be present in the water following lysis of the cells in the course of treatment of the

water with an algicide or it may travel through a distribution system.

The indirect effects could occur when military personnel reduce or reject

consumption of water with thf objectionable taste and odor of geosmin and MIS. In many

operating regions, especially deserts where large amounts of water are needed to replace

sweat losses. this could lead to dehydration and the performance-degrading effects

associated with it.

Although drinking water standards cannot be recommended for the toxic substances

associated with cyanobacteria in algal blooms, a standard of 10 nglL could be adopted for

geosmin and MIB. based on human responses to obh~ctionable taste or odor. 136,156,164

This standard should protect military populations from performance-degrading health

effects from either poisonin@ or dehydration. Figure 10 is a visual guide for quickly

assessing the impact to military personnel if the concentration of geosmin and MIB exceed

the recommended standard. Even though concentrations of geosmin or MIB between 10

and 30 nglL might be Wldetectable to more than half of an exposed population of military

personnel. the 10 ng/L level is the recommended standard. This protects against the

increasing possibility that cyanobacteria might produce critical levels of a toxin produced

by an algal bloom. This concern is even more relevant given the possibility that sensory

fatigue might be experienced after exposure to geosmin and MIB. 136,165

Conclusion

We conclude by noting that the taste- and odor-producing metabolites of algae

might be increased by lysis of the algal cells, and. therefore. it is best not to use an

algicide to eliminate the algal mass in hopes of immediately obtaining drinking water.

Furthermore, the chemical nature of these odors makes them difficult to remove by

standard methods of chlorination. l66 Consequently. waters that have obvious algal masses

and detectable earthy/musty odors should be avoided.
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CHAPTER J. REGIONS OF CONCERN WITH REGARD TO

INORGANIC CHEMICAL CONSTITUENTS OF Flf;LD WATER

N.B. Crow·

Several illarganic constituents of field waters could pose health risks to ml

persormel (see Chapter 2), mamly in hot. arid regions or areas where natural waters l

in contact with exposed mineral deposits, such as salt. gypsum, or metal ores. In

chapter we identify those regions where water resources are likely to contain elevatt..

levels of dissolved inorganic substances. Our analyses are meant to provide informatio

indicative of water quality. These overviews can be used to identify where in the worl'

water-quality monitoring is most needed.

AFRICA AND THE MIDDLE EAST

Several countries in Africa and the Middle East have surface and ground water

supplies with high levels of dissolved constituents. Surface water quality there is affected

by the low rainfall. Figures 1 and 2 show extensive areas where annual rainfall does nut

exceed 400 mm. Ground water resources. as expected. vary considerably across the region

in both volume and concentration of dissolved solids.

In the western part of the Middle East (see Fig. 3). from Libya to Saudi Arabia and

Western Iraq. regional aquifers contain rather large amounts of ground water. Water

quality in these aquifers varies, depending upon aquifer lithology 8.'1d proximity to the

ocean. In Libya and Egypt, the aquifers are largely sandstones with few soluble minerals;

inland from the coast, the water is normal!} of low salinity. However. reducing conditioru-.

dominate these aquifers and the water may contain exceptionally high levels of iron and

manganese, which can cause a strongly objestionable taste. Near the coast. the wate'

becomes too saline for use.

Further east, in Lebanon, Jordan, Syria and Israel, the aquifers are largely limestone,

and the water is relatively hard. though usually potable. In the eastern part of SYria and

adjacent Iraq, gypsum (hydrated calcium sulfate) becomes an Important constituent in the

lllnestone aqUlftJrs. Water in contact with the soluble gypsum develops high equilibrium

concentrations of sulfate.

The Middle-Eastern regions with fairly serious water quality problems include

central and eastern Iraq and most of 'ran south of the Elburz Mountains (see FiH. 3). The

• Envmlnmental Sc;iences DiVision, La\\l'tHlce I.:vennore National I.aboratory, UniverSity
of CahfoCTua. Livennore, CA Y4550.
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climate is hot and arid, and evaporation generally exceeds precipitation, causing

high-salinity water supplies. In addition, abundant outcrops of evaporites--gypsum and

salt--occur in much of the region. In Iraq salt outcrops are found largely in the northern

mountains, which are extensions of the Zagros Range of Iran. In Iran, south of the Elburz

Range and north of the coast along the Indian Ocean, evaporite deposits are common.

There are relatively large amounts of brackish to highly saline waters available that could

be desalinated by reverse osmosis equipment. Because of the likelihood of poor-quality

water and the lack of detailed water-quality data, site-specific hydrogeological

reconnaissance would be necessary to detennine reliably the charactl3ristics of any

location of interest.

Iran

A number of studies of the bedrock geology of Iran have been conducted in

conjunction with the exploration of petroleum resources. Colrnan-Sadd2 , Dunnington,3

and Stocklin4 reviewed much of the work on Iran and adjacent northern Iraq. In our

discussion below we rely on these sources to identify areas that could have waters with

high levels of dissolved solids--expecially those areas where salt-bearing formations could

affect ground-water supplies.

The geology of Iran is complex. It is characterized by several episodes and locales of

mountain-building. Over large regions, the rocks are defonned. folded and faulted. The

major ranges are the east-west trending Elburz range to the north of Tehran, which

divides the more-humid north from the semi-arid to arid south; and the Zagros Range,'~a

series of linear fold ridges that trend from north-central Iraq southeasterly as far as the

Gulf of Hormuz (Fig. 3). Other, less well-studied mountain complexes and basins occur

east of t~le Zagros Range and south of the Elburz Range. Because the bedrock in Iran is

largely deformed, folded. and faulted, there are virtually no major regional bedrock

aquifers.

Sedimentary salt layers are a major feature of several horizons in the geologic

section affected by JPountain-building. These layers, most notably the lowest-lying

HormU2 fonnation. have been mobilized by tectonic forces and forced up into the cores of

many arlticlines (upward-archmg folds). The salt sometimes breaches the sedimentary

layers originally lying above it. piercing the crests of anticlines and in some places

extruding salt at the surface. 4,5

The Fars formation is younger than thfl folded rocks. and was ~~posited af (er

mountain-building was complete. Thus it is not strongly folded and faulted. It consists of

interbedded salt, anhydrite. gypsum, and gypsiferous marls and redbeds. It crops out a!

3-5
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the surface in many basins over an area some 1200 km (750 miles) long and 150 km (95 mil

wide, extending from central Iraq. Syria and southern Turkey southeastward to southern

Iran. 4,6 In addition, salt is accumulating today in closed basins within the great central

desert of Iran, the Dasht-i-Kavir. Figure 4 shows the generalized extent of all these salt

formations. These large accumulatioT's of salt and gypsum near the surface provide

abundant soluble material that will dissolve in the water that comes into contact with it.

The physiography of Iran also has an important effect on the geohydrology. Because

of the aridity of much of the country south of the Elburz Range, rainfall and runoff are

very small and there are relatively few pErennial streams. The terrain is mountainous,

with uplands frequently separated by basins with internal drainage. The lack of abundant

water and the presence of many closed drainage basins are favorable to the formation of

high-salinity water supplies.

The climate of Iran south of the Elburz Mountains is generally arid to sub-arid and is

characterized by cold winters with occasional storms and vary hot, dry and windy

summers. Thus, the region has scanty rainfall, poor leaching of salts weathered ~'rom

rocks, and high evaporation rates. These characteristics correlate well with saline water

I
, 7

supp leSt

Because low rainfall and high evaporation are characteristic of Iran south of the

EIl:lurz range, surface water sources are few in number and largely confined to the slopes

of the Elburz Range and a few scattered pererutial rivers elsewhere in the count I)' .

Moreover, many surface water resources have been in contact with salt or gypsum

outcrops and are not iXltable. Most of the potable water in Iran is ground water provided

either by conventional wells or by qanats, which are shallow-dug twmels for transporting

water. Most of the water-quality data used in this repor, are for ground water; however.

a few data are included for mountain streams near the Elburz Range and for the Minab

River, an unusual perennial river near Bandar Ahbas, at the "choke point" of the Persian

Gulf.

North of the Elburz mountains is the coastal plain 0: the Caspian Sea. The Elburz

mOlilltains and coastal plains contain very few areas with salt or evaporite outcrops, the

physiography is not characterized by closed drainage basins. the climate is humid, and the

water supplies generally would be of reasonably good chemical quality.

Figure 5 shows selected locations in Iran where water-quality data are available for

several inorganic chemical constituents (i.e .. chloride. magnesium, sulfate, and total

dissolved solids). Table 1 contains thE: resuits of a statistical analysis we performed on the

water-quality monitoring data obtained at the sampling locations. The sampling data were

presented in reports prepared for the govemment of Iran by U.S. engineering firms during

the 1950' s and 1960 s and were fOWld to be 10gnonnally distnbutt"t According to our

3-6
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Figure 4. Map of onshore salt deposits in the Persian Gulf regiGn of the Middle
East. Taken from infonnation presented by Stocldin. 4
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Table 1. Results of a statistical analysis of water-quality monitoring data for selected
inorganic chemical constituents from sampling locations in Iran. (Compiled from original
data contained in reports prepared by U.S. engineering firms for the government of Iran
during the 1950' sand 1960' s.):1

-----

95th cumulative
Inorganic Geomet ric mean Geometric percentile
chemical No. of concent ra tion standard concentration
constituent samples (mg/L)b deviation (mg/L)C

Chloride 42 77.2 3.43 590

Magnesium 42 37 2.35 150

Sulfate 44 142 3.91 1300

Total dissolved
solids (TOS) 43 685 2.15 2400

a Most water quality data for Iran are for ground water. Data for a few rivers are
available and are included in the statistical analysis.

b Sampling data fit a lognormal distribution and the geometric mean concentration is
equivalent to the 50th cumulative percentile concentration.

c 95th cumulative percentile concentration is equivalent to the geometric mean
concentration (Xg) multiplied by the geometric standard deviation (Og) raised to the 1.645
power (Le.. XR,eOg 1.645). There is a cumulative probability of 95% that the monitored
values will be less than or equal to the 95th r.umulative percentile concentration.

analysis of the data, there is a 95% cumulative probability that the concentrations of

chloride, magnesium, ~..ulfate, and total dissolved solids (TDS) in this region will be less

than or equal to 590, 150, 1300, and 2400 mg/L, respectively. These levels approach or

exceed the recommendations for field-water-quality standards for th.ase chemicals

discussed in Chapter 2.

Because the geohydrology, physiography and climate of Iran south of the Elburz

Range all favor the development of saline water supplies, it seems probable that relatively

few potable water supplies will be available. However, the Elburz Range and the Caspian

coastal plain are likely to have adequate water supplies.

Additional potable-water supplies would be found most likely in regions without

bedrock salt formations, on mountain ranges without salt outcrops, and high on the slopes

of alluvial fans on mountain ranges. If Reverse Osmosis Water Purification Units

(ROWPU's) are available, it should be possible to produce potable watef from water

supplies of greater salinity in this region than that generally used by civilian populations

due to the ability of ROWPU' s to desalinate water.

3-9
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Water-quality data for Iraq are \'1~11' sparse; only a few data points for the Tipris

River and irrigation canals near Baghdad are available. 8- 10 These data indicatt~ the water

of the Tigris River t~ be of moderately ~ood chJrpical quality (set· Table:n The sodium

chloride content IS relatively low. Sulfate concentrations are undoubtedly the result of

dissolution of the Fars formation rocks that crop out along the tributaries of the Tigns.

The linear fold mOlUltains of the Zagros Range \ xtenrl into ll'aq. primarily in the

eastern and northern portions. The Fars formation. containin~ In'psum and salt, crop.. out

in these mOlUltains as well (see Figs. :3 and 4).

The cLima te of northern Iraq is generally similar to that of adjacent Itan. The major

physiographic difference between Iran and Iraq is the presence in south-central Iraq of the

alluvial plain of the Tigris and Euphrates Rivers. Although no data are available. there is

the possibility that potable ground water of moderate to high salinity exists in buried

stream channels beneath the alluvial plain.

Table 2. Water-quality monitoring data for irrigation canals and the Tigris River in the
vicinity of Baghdad. Iraq.

Inorganic Concentration (mg/L)
chemical AI-Jaysh AI-Khair
consti tuent canala canala

Calcium (ea+2) 80.1 , 0.0

Bicarbonate (HCO;)c 196.7 234.0

Chloride (CI-) 119.5 109.7

Magnesium (Mg+2) 48.2 61.1

Potassium (K+) 12.7 10.0

Sodium (Na~) 78.5 7cl.6

Sulfate (SO~2) 120.0 131.4

Total dissolved solid') (TDS) 0:36.3 575.3

pH 7.78 7.63

Tigris
Riverb

64.5

82.6

21.7

47.7

65.5

437

H.12

a From Ref. 8.

b From Ref. 10.

C Rep-orted as alkalinity and recalculated.
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Saudi Arabia

The geology of most of the Saudi Arabian peninsula is characterized by relatively

homogeneous sedimentary rocks--primarily limestones and evaporites. with some salt

layers--gently dippmg eastward off the granitic basement complex that crops out in the

west. 1
1.

12 Some of the world's largest petroleum and natural gas occurrences are found

in ~eologlc structures that form reservoirs in the older sediments of this sedimentary

section.

Above the stratigraphic zones that contain petroleum-hearing reservoirs. tabular

bedrock aquifers contain relatively large amounts of ground water of vary:ng quality.

Some of tht::se aquifers contain rocks with high sulfate content. Water quality has a

regional pattern; generally the best quality water is found near the center of the Arabian

peninsula, and the salinity increases eastward toward tht:: coast of the Persian Gulf.

Scattered data 13 show that the waters from the regional aquifers often contain relatively

high sulfate concentrations; in regions where the water is not potable, waters have high

sodium chloride concentrations as well. Bakiewicz at a1. 14 present a regional study of one

of the major aquifers, the Umm er Radhuma formation. The report includes a map

showing t~e total dissolved solids (TDS) concentration of the water in this formation

regionally (see Fig. 6). The map shows that the waters near the st of Saudi Arabia in

the Umm er Radhuma formation generally exceed 1500 mg/L and therefore are above the

recommended field-water-quality standard for TDS of 1000 mg/L (see Chapter 2).

N\lnetheless. local populations of this area have apparently acclimated to water up to

about 2500 mg/L of total salinity, because there is no better quality water available.

Aquifers are probably scarce in the granitic highlands in the west of the Arabian

pemnsula and in the folded mountains extending along the south coast to Oman; most

water sources are proba:)ly in the overlying allUViUm and are likely to be relatively small

in extent. These water sources are likely to be of reasonably high quality.

SYfla. Lebanon, Israel. and Jordan

The Situation 10 these four countries is generally similar. They are underlain by

mom or less ~ently-dipping sedimentary rocks, predominantly limestones,12 The western

and northern areas--the Mediterranean coastal areas of Israel and Lebanon and the

"Fertile Crescent" highlands in northern Syria and adjacent Turkey--are relatively

well-watered--approximately 500 mm/y--and water supply is unlikely to be a serious

problem. The eastern portions of Syria. all of Jordan, and the West Bank are desert

country and are likely to have both a general shortage of water and a salinity protJieni.

:3 --11
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II 1500 to 4000

II 4000+ (mg/L)
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35°E

Figurp. 6. Map showing regional water sailnity (TOS) concentrations associated with
Umm er Radhuma Aquifer, Saudi Arabia. From information pressented by
Backiewicz et aJ. 14
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The w~ter in the Jordan River/Dead Sea basin is qUite saline, unlike the remainder of the

region,

We found considerable but scattered d:tta coverinR Jordan and Israel, fewer about

Lebanon and Syria. There is one report by Burden and Safadi 15 that includes

water-quality data for a relatively large number of wells completerl in karst aquifers in

Syria (see Table 3). Karst aquifers are found in the widespread limestone beds of the

region, and the available data indicate that the groundwater does not have a high dissolved

solids content. In areas where the kaI'St aquifers are in rocks high in sulfate minerals, the

sulfate concentration in the water is much higher and the water is less de£irahle as

drinking water.

Northern Egypt is a very arid region; along the coast the only dependable water

supply is the Nile River, which has been used for thousands of years to support both

agriculture and the population. Table '1 shows water chemistry data compiled by Talling16

for the Nile River at Lake Victoria and Cairo. The river water is supplied by rainfall in

the southern highlands of Egypt, the Sudan, and Ethiopia; because the rocks in this region

contain few soluble minerals, the water is usually of excellent chemical quality, The

salinity of the Nile increases downstream. At Cairo the water is of moderate salinity. At

the mouth of the Nile below AlexaJ'lrlria, the water is brackish. Despite l'easonably good

chemical quality in most of the Nile River, biological pollution is quite St,vere, and there

are high levels of algae in the water as well. For these reasons pretreatment of the water
, f d' k' df ' . bo'l 17,18IS necessary or rm mg an or USIng In 1 ers.

Near the coast, water quality is generally poor. During the Egyptian and Libyan

campaign of World War II. the British arm} survived in coastal strongholds on shallow

ground water with salinities as high as 4000 mg/L. Troops using water of such high

salinitie!> were not usually able to fight vigorously and tanks and other vehicles were

dependent on treated Nile River water transported by rail. 17
, 18

Another major source of water in much of inland Egypt is the Nubian sandstone

aqulfer,19,20 This 'iandstone lies at the base of a ff~latively thin, undeformed section of

sedimentary rocks; It overlies a granitic basl~ment from which the sand is largely de"ived.

The rock contaws [f;W soluble salts. Studies indicate that mast of the water in the aquifer

entered it from grallltic and volcanic highlands vdja,::ent to the southern part of the

aquifer during Pleistocene pluvial periods about 10,000 to 15,000 years ago. 19,20 Because

few soluble salts entered the water, the water is of remarkably low salinity for this highly

arid region (see Table 5),

1- l:i
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Table 3. Water-·quality monitoring data for the "'arst aquifer~ In Syria,a
..._----- _._-----_.__._--

... ConcentratIOn 1!lliit'!::L _Inorganic
chemical
constituent Springs Wells

-
Calcium ICa+2)

Bicarbonate (HCO;)

Chloride (CI-)

Magnesiwn (Mg+2)

Sodium and potassium (Na + and }l

Sulfate (SO~2)

Total dissolved solids (TOS)

a Averaged data from Ref. 15.

-t 7.1 7H,2

231 220

13.8 70.9

20.7 25.3

16 3 -l0.5

30.7 85.5

386 543

Table 4. Water-quality monitoring data for the Nile River at Lake Victoria and Cairo.
Egypt. a

Inor,lpnic
chew it':: :i1
constituent

Calcium (Ca +~~)

Bicarbonate IHeO;)

Chloride ICI-)

Magnesium (Mg" 2)

Potassium (K +)

Sodium (Na+)

-2Sulfate (S04 )

Conductivity l~mho/cm)

a from Ref. 16.

Concentration (mg/L)

Lake Victoria Cairo

5.6 27.6

68.4 200

3.9 14.5

2.6 10.0

3.9 6.6

10.4 27.6

2.4 17.8

q7 307

'---------------
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Table 5. Water-quality monitoring data for the Nubian Aquifer <it Khargr and Dakhla
Oases, Egypt. a

Concentration (ppm)
Inorganic chemical Wells at Kharga Weill. at Dakhla

constituent el Maheriq Baris 15 Mut Rashda

Calcium (Ca+2) 19.2 44.8 21.6 24.8

Bicarbonate (HCO;) 89.5 95.0 55.£ 53.0

Chloride (Cl-) 67.0 98.0 49.0 62.0

Free CO2 89.5 36.6 /2.6 36.0

+2
1.2 45.0 4.6Iron (Fe ) 6.1

Magnesium (Mg+2) 9.2 17.5 9.7 10.6

Potassium (K+) 34.5 34.0 21.5 12.5

Sodium (NA +) 81.5 60.0 30.0 33.0

-2 14.5 7t'.0 32.5 53.5Sulfate (504 )

Total dissolved solids (TDS) 378.0 '~32.0 226.0 294.0

Eh (millivolts) +12Sb _4.6c +99.7b +64.7b

pH 6.6 6.7 6.3 6.4

Temperature (0C) 38.0 33.0 34.0 34.0

a From Ref. 20.

b Oxidizing environment.

c Mildly reducing environmen t.

While salinity of the water is low. conditions in the aquifer can be strongly reducing.

The water has a high temperature, can be hIgh in iron and manganese, and is highly

corrosive. 20 High concentrations of iron may make the water unpalatable. The Nubian

aquifer covers a large area; Shata 19 describes its geographic extent and its water salinity

contours (see Fig. 7). Note that near the Mediterranean coast the water in the aquifer is

not potable because of high salinity.

As part of an agricultural development program, the Egyptian government has

developed the WUler resources of the Nubian aquifer in several inland oaSAS areas where

the water is sufficiently shallow to allow f:!conomical pumping of the water to the

3-15
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surface. 19,20 In areas not presently used for agriculture, adequate water could be

developed from the Nubian aquifer for use: however. spec.ial constnlction techniques for

wells and some pre-treatment for the strong iron taste could be necessary,

There are some data about Libya, but not sufficient for a detailed analysis. In

general the geology is similar to that of western Egypt. with gently dipping sedimentary

layers overlying a granitic basement. Water supplies control population, which is confined

largely to those parts of the coast with potable water (i.e .• the city of Tripoli), as well as

scattered inland oases. The information available21 ,22 suggests that adequate water

supplies from deep aquifers could be developed inland, but that near the coast ground

waters would require treatment by ROWPU. Table 6 shows indicative analyses of Libyan

groundwater based on monitoring data from 28 wells in the area of Az Zawiyah (see Fig. 3).

EUROPE AND THE U.S.S.R.

The temperate climate of most of Europe has produced an abundance of surface

water supplies with generally low levels of dissolved constituents. However, thert: are

Table 6. Averaged water-quality monitoring data for 28 wells located in the Az lawiyah
area Df Libya. a

------------------_._-----------------
Inorganic chemical consti tuent

Calcium (Ca+2)

Bicarbonate (HCO;)

Chloride (CI-)

Magnesium (Mg +2)

Potassium (K+)

Sodium (NA )
+

-2
Sulfa te (SO 4 l

Total Ulssolved solids (TDS)

pH

a From Ref. 21.

--_._-----------_. -

3-17

ConcentraUon (ppm)

68.0

193.0

135.6

30.4

6.0

93.1

95.7

554

7.6
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areas with low amoWlts of rainfail (less than 400 mm/year) that may have surface or

groWld waters with elevated levels of dissolved solids (see Fig. 8). More geohydrological

data are needed on these areas in order to assess the potential for water of inferior

quality. Data are also needed on sources of anthropogenic pollution of water supplies.

ASIA

As shown in Fig. 9 large areas of Asia have annual precipitation that is less than or

equal to 400 mm and could have mainly high-salinity water supplies. We were Wlable to

acquire water-quality data indicative of these areas. and we recommend further work on

the subje!.:t. However, water-quality monitoring data compiled in the GEMS/Water Data

Summary for 1979 through 198123 may be helpful for assessing the water quality in some

specific surface and groundwaters of the regIon. These data were not sufficient to

indicate water quality because the monitoring data for the various sites were inconsistant.

LATIN AMERICA

While quantitative surveys of inorganic surface water constituents in Central

America are rare. a comprehensive water-quality survey has been done in Guatemala. 24

The results from that survey are discussed below to provide a general characterization of

the inorganic constituents of water of other tropical regions.

The generally high water quality in Guatemala can be attributed to the geohydrology

of the region. Guatemalan bedrock is largely volcanic rock with few soluble minerals.

The climate :, ~ ~pical ~l(i the rainfall high; materials leached from the rocks are readily

moved into the rivers. Thus, surface water in Guatemala is of quite low salinity and of

good chemical quality. For example, Weiss24 carried out a survey of the water quality in

many of the rivers of Guatemala. The data from that survey show that the water quality

is high in these rivers (see Table 7). Based on the similarity of waters in this type of

climate. it is not unreasonable to think that the excellent water quality in Guatemala may

also be representative of humid tropical regions elsewhere, so long as soluble sal' 'i are not

present at ~he land surface.

Figure 10 shows the low annual precipitation pattern (less than 400 mm) for Central

and South America. From the figure, it can be seen that the region is characterized by

generally high precipitatlOni areas of lowest preci~itation are along the west coast of

South America.

3-18
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Figure 8. Areas of low annual precipitation (i.400 mm) in Europe and the Western Soviet
Union (shaded). Based on data appearing in The Times Atlas of the World. 1
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Figure 9. Areali of low annual precipita~kn (~400 mm) in Asia lshaded). Based on data
appearing in The Times Atlas of the World.. 1
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Table 7. Results of a statistical analysis of water-quality monHI;
inorganic chemical constitutents from surface-water sa Ipling !!J '

---------

Inorganic Geometric nean Geometric
chemical No. of concentration standard
constituent samples (mg/L)a deviation

Chloride (Cl-) 26 13.9 1. 76

Magnesium (Mg+2) 25 6.27 2.33

Total dissolved
solids (TDS) 26 264 1.57

Volume 9

.g data for selected
18 in Guatemala.

95th cumulative
percentile

concentration
(mg/L)b

35

25

550

1

a Sampling data fit a lognormal distribution and the geometric mean concentration is
equivalent to the 50th cumulative percentile concentration.

b 95th cumulative percentile concentration is equivalent to the geometric mean
concentration (Xg) multiplied by the geometric standard deviation (Og) raised to the 1.645
powel (Le., X2

lf Og 1.645). There is a cumulative probability of 95% that the monitored
values will be Tess than or equal to the 95th cumulative percentile concentration.

ARCTIC REGiONS

Although arctic regions are technically deserts, any naturally occurring fresh waters

that do occur and are not frozen are likely to be quite potable. This potability can be

attributed to the small. amount of evaporation that takes place in these regions. which.
would otherwise tend to increase the salt concentration of such waters. It should illso be

noted that streams containing glacial I1JJK'f'f can be highly turbid.

GENERALIZATIONS

Studies of the correlations between water salinity and both climate and geohydrology

indicate a causal relationship.7,25 Thus, climatic and geohydrologic information can be

used to predict which regions are likely to have highly saline water supplies.

Regions with wann to hot, arid climates, and consequent high rates of water

evaporation, very often have ~canty water supplies INith relatively high salinity. Such

regions are virtually ail IDea ted in the trade-wind deserts of the world and in the

semi-arid regions that lie poleward of these deserts. Trade-wind deserts are located on

the westward sides of continents between latitudes of about 20° and 30 to 35° both north

and south of the equator. There is a potential for high salinity water poleward to about

40° latitude.

3-21
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Figure 10. Areas of low annual precipitation « 400 mm) in Latin America (shaoed). Based
on data appearing in The Times Atlas of the World. 1
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The largest trade-wind deserts are the North African Sahara and Middle Eastern

desert of Eurasia. Because of the impact of man's development. human populations in the

area, and the size of the Eurasian land mass, the latter desert is somewhat more extensive

than the other trade-wind deserts. To its north are the semi-arid regions of TurkE:y and

southern Soviet Central Asia.

Generally similar climate and conditions characterize the deserts of northwestem

Mexico and the adjacent U.S. Southwest. To the north of this trade-·wind desert lies the

arid to semi-arid region of eastern California. Nevada. and sOllthem Oregon.

In the Southern Hemisphere. similar regions are found on the west coasts of South

Africa, South America, and most of Western Australia. We think that water supplies will

be scanty tn these regions and the general likelihood of encountering saline water will be

high.

[n addition to these regions, there is a likelihood that highly saline waters will be

encountered in regions with OlltCropS of bedrock cnn·aining such soluble minerals as salt

and g-ypsum/anhydrite. An example of major importance to this siudy is the region of

Northern Iran and Iraq together with adjacent po~tions of Syria and Turkey. In [ran the

HomlUz salt pierces the overlying bedrock to fonn salt domes. and salt glaciers. which can

expose salt at the land surface. In an even wider area in the same region, the gypsum- and

salt-bearing tars fonnation underlies many of the trttennontane valleys. Much of the

water in this very large region is likely to be well above average in salinity.

Even in regions with reasonably high rainfall, areas underlain by salt and anhydrite

car: have waters with high salinity. Two examplps ;'.i'(~ the Colorado River of west-central

Colorado. 26 and the Salzkammergut near Salzburg, Aust ria. The Colorado River has a

reach underlain by gypsum and anhydrite near the headwaters of the stream in the

high-altitude, moderately humid Rocky Mountains. The amount of calcium sulfate

dIssolved in the water is significant. and the salinity of the river water is markedly

increased below the reach. The Salzkammergut is a high-rainfall area in the Eastern Alps

of r.entral Europe. Salt (NaCl) occurs in the region; it has been fTlHled there for thousands

of years. Some .vater supplies in the region have unusually high levels of salt. undoubtedly

as a result of leaching of salt by percolating waters.

In order to obtam infonnation reliable enough for assessment of areas of critical

interest, fairly detailed site-specific hydrogeologic studies by the best available

techmques are e~.sential. However, in the absence of such data thiS evaluation can be used

tL. Identify lor.atiuns in the regions of military concern with waters that could contain

elevated concentrations of inorgani(; chemicals and where it is important for monitoring to

be perfonned.
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CHAPTER -l. REGIONS OF CONCERN WITH REGARD TO

ORGANIC CHEMfCAL CONTAMINATION OF FIELD WATER

J. Kelly-Reif*

Organic chemicals, both industrial and agricultural, are found throughout the world

in all types of natural waters. In part one of Volwne 2 of this study, we mada a

comprehensive survey of organic chemicals found in natural waters. Our analysis of the

available data showed that organic compounds are typically detected at concentrahons

that are not high enough to cause systemic effects or adverse organoleptic responses.

Ordinarily. only pesticides. particularly lindane. may occur at a high enough concentration

in potential sources of field water. to be a threat to military health. Nevertheless.

transient releases from industrial facilities storing large quantities of organic chemicals

and from transshipment points could result in elevated levels of organic contaminants in

surface waters. Additionally, manufacturing areas could also contain factories that

potentially could release contaminants. especially organic chemicals. into ground and

surface waters. Alth"ugh it is not possible 1:0 list all such facilities that could cause

difficulties. we have identified major organic ch,~mical production centers and petrolewn

refineries as the most significant possible sources of surface water contarmnation from a

region3.1 perspective. Information on the locations of these facilities can alert military

pliUUlers to potential water-supply contamination by organic chemicals under battlefield

conditions. We also descnbe in this chapter the geographic regions worldwide that might

contain water with elevated levels of pesticides" especially lindane. These l~vels,

particularly tha ~ of lindane. occur as a consequence of agncultural application procedures.

ORGANIC CHEMICAL PRODUCTION CENTERS AND PETR'JLEUM REFINERIES

The goographic regions consldered possible theaters of operation for. U.:i. military

forces are (1) Latin American (Central and South AmeMca), (2) Europe (including the

U.S.S.R.), (3) Africa and the Middle East, and (4) Asia. A map cf ear.:h region IS presented

In Appendix A showing the location of rT!ljor organic chemical production centers (see

Figs. A-I through A-5). TheSE! maps are intended to assist mllitary nsk managers In

detennlJUI1g where troops under battlefield conditions might be exposed to elevated

c:oncentrations of organic chemicals in field water. High concentrations of organlc

• Departrn~nt of Environmental TOlUcolllgy, University of California at Davis. Davis, CA

9:>616,
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chemicals in field water could cause perfonnance-degrading effects to its mHitary

conswners.

Organic chemical production centers could be important sources of water pollution

because they are often situated near major water supplies needed for manufacturing

processes and shipping. Such centel'S are often near major land routes to further

accommodate transportation needs and improve accessibility Thus, tmder combat

conditions, these production centers could be destroyed and nearby waters could become

highly contaminated. The latitude. longitude and production capacities for major organic

chemical production centers worldwide are provided in Tables A-I through A-5 in

Appendix A.

The production capacities given for the major centers are for the combined total of

the following chemicals: benzene. phthalic anhydride. methanol. phenol, ethylene.

polyvinyl chloride (PVC). polyamides (nylon). polyethylene. styrene. butadiene. and carbon

black. This infonnation is based on 1970 statistics. As such, it should be viewed as only

an mdicator of potential pollution sources. The actual production volwnes are greater

today and should increase well into the future. For example. the average annual increase

in output of industrial chemicals (defined as organic chemicals. particularly

petrochemicals. chloralka.lies. other inorganic chemicals. fertili~ers. pesticides. plastics.

synthetic fibers. and synth!!tic robber) by developing nations worldwide Wel.S 10.7% between

1970 and 1919. 7.0% in 1~86. and (estimated) 6.8% for 1981. 2 This rise in chemical

production is attributed to the industrialization of these countries and the need for them

to produce more of the chemicals required by their domestic industries. Furthennore.

estimates of industrial chemical production also suggest that developing countries will

rapidly be increasing their output of fertiiizers and pesticides. and that the geographic

concentration of output wall be changU'lg as well (e.g. growth in industrial chemical

production appears to be slowing in southeast Asia but expanding on the Indian
2subcontment).

Locatioru: of major petroleum refineries and their refining capacities are presented

in Table A-6 of Appendix A. Capacities are given in barrels per calendar day (bled).

Refineries are usually located near large bodies of water, in part to slipply r.ooling water

but a..Lso for' access to shipping tankers.:3 Nonnally. cooling systems are maJor sources of

water pollution at these facilities. Offshore platfonn accidents and ora-shore "'ell leaks

can also be responsIble for water contamination. 4
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Africa and the Middle East

As can be seen in Figs. A-l and A-2 of Appendix A, several of the chemical

production centers in these areas of the world are located near coastal waters, especially

in South Africa and Israel. Inland sites include Helwan, Egypt (near the Nile River), and

Sasolburg/ModderfonteinJGenniston, South Africa. At the regional scale, Low production

Levels would indicate that an extensive pollution problem is unlikely. Production figures

for 1970 did not exceed 850.000 metric tons for any given country (see T..1bles A-1 and A-2

in Appendix A). At the local level, Sasolburg. South Africa produces the lal'gest quantity

of organic chemicals (500,000 metric tons) in the region. The potential for growth of

production capacity in this part of the world is great.

No COWltry in Africa or the Middle East has more than 10 petroleum refineries.

Furthennore. in the Middle East there are only five petroleum refineries wi th capacities

of over 200.000 bled (see Table A-6 in Appendix A). The largest of these is in Saudi

Arabia. with a capacity of 415,000 bled.

Europe and the U.S.S.R.

Europe has more organic chemical production centers than any of the other regions

described in this analysis lsee Fig. A-3 in Appendix A). Westem Europe. in particular, has

numerowi sites. with the Larsest output in West GenndllY (over 14,000,000 metric tons),

and Italy (7,400,000 metric tons) according to Table A-3. In West Gennany, most ~f the

centers are along t h 4J Rhine River. Italy has numerous sites along its coastlines. Eastern

Europe, lln the other hand, has most of its production centers near inland rivers. In

Poland, for example, the largest center is in Plock, on the Vistula River. There are

numarous petroleum refineries in Europe (see Table A-B in Appendix A), 23 with capacities

of at least 200.000 bled (see Table A-6 in Appendix A). There are undoubtedly heavily

polluted !streams and rivers in this region, but our review of English-language publications

containr,d little definitive data on the nature and magnitude of such contamination.

SpeciaHzed studies may eventually be required to identify those heavily polluted wat.er

resources.

As shown in Fig. A-4 of Appendix A. most organic chemical production si tes are near

coastal waters. Japan is the biggest producer in the area, with centers dispersed along
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much of its coastline, and with a total producti,m capacity of over 16.000,000 metric tons

(see Table ~-4).

The major oil refineries (crode capacity ~ 200,000 bled) in this region of the world

are in the far east: lapan, South Korea, and Taiwan (see Table A-6 in Appendix A).

Iapanese crode oil refining capacity is by far the greatest of any country in the region.

Latin America

In Latin America and the Antilles, most organic chemical production centers occur

along the Atlantic and Pacific Oceans (see Fig. A-5 in Appendix A). Brazil is the largest

organic chemical producer in the region (2,400,000 metric tons) (see Table A-5 In

Appendix A). For its small size, Puerto Rico pro,!uces a relatively large amount of organic

chemicals (1,850,0",0 metric tons).

Brazil has the mo~t petroleum refineries (1::t) followed by Argentina (12). All other

countries in the region have less than 10 petroleum refineries. Th" major regional oil

refineries (r:rude capacities ~ 200,000 bled) are in Argentina. Brazil. Mexico, and

Venezuela (see Table A-6 in Appendix A).

PESTICiDE CONTAMINATION IN AGR!CULTURAL AREAS

All earlier review of the worldwide extent of pesticide contamination of surface anrl

gound waters showed that only limited data were available on actual pesticide

concentrations in natural waters (see part 2 of Volume 2).5 That infonnation suggested

that low. non-toxic levels of pesticides are likely to be associated with surface water

supplies near major agricultural areas. Potential health risks from pesticides in those

areas would result primarly from transient releases of pesticides from field applications or

even spills. To identify locations of potential concem, we have shown major

food-producing areas (Figures E\-l through B-5 of Appendix B) in possible theaters of

operation for U.S. military forces. These maps indicate where elevated levels of

pesticides might be present in water supplies, and where monitoring should be per~·ormed.

In general, any small body of water in the immediate vicinity of agricultural

activities (Le.. irrigation canals, rice paddies, ponds, and reservoirs), with hlgh potential

fur contamination and little potenhal for dilution, poses a real threat to troop health. In

addition, mi.litary persormel should be alert to the possibilit.y of extreme contamination

l~vels in areas requiring the direct application of pesticIdes to water. For example. a

concentration of lindane in water of 1920 ~g/L was reported in rice paddy water. 6 Areas
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of rice production, which are principally located in Third World cOWltries (see Figs. 8-1 to

B-5 in A.ppendix B), are at Lonsiderable risk for contamination of water by pesticides,

particularly by lindane.

A[rica and the Middle East

Figs. B-1 and B-2 in Appendix B show the primary areas of general agriculture and

rice production in Africa and the Middle East. Agricultural activity is fairly ubiquitous

throughout the subcontinent south of the Sahara, and aroWld the Mediterrar,ean Sea.

Europe and the U.S.S.R.

Fig. B-3 in Appendix B shows the primary areas of general agriculture and rice

production in Europe and the U.S.S.R. Most of Europe should be considered agricultural;

however, there is little rice production in this region.

Fig. 8-4 in Appendix B shows the primary areas of general agriculture and rice

production in Asia. More than half of the cultivated areas in this region are in rice

production; they have the greatest potential for containing water contaminated with high

levels of lindane.

Latul America

Fig. B-5 in Appendix B shows the primary areas of general agriculture and rice

production in Latin America. Agricultural activity is concentrated in the coastal areas of

South America.
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CHAPTER 5. HEALTH RISKS FROM WATERBORNE, WATER-WASHED AND

WATER-BASED INFECTIOUS ORGANISMS OF MILITARY CONCERN

A.W. Olivieri,· R.E. Danielson,· and P.G. Badger·

Diseases caused by water-related infectious organisms have always been a major

concern for planne~ of military operations. Many water-related diseases can completely

disablp. the soldier for long periods. The infectious organisms responsible for most

water-related diseases can be classified into three groups: bacteria, viruses, and parasites

(e.g. protozoa and helminths). The routes of transmission to humans that these disease

agents can take can be described as (1) waterborne, where the infected water must be

consumed; (2) water-washed, where an indirect exposure to contaminated water causes the

disease (e.g" hand-washing, bathing, eating food cleaned in contaminated water); and

(3) water-based, where the infectious agent is carried by a vector other than water that is

closely associated with water.

Table 1 lists the more important water-related diseases, along with the responsible

infectious organisms and the routes of ti.'ansmission. Water-related disease is usually

associated with an absence or compromise of good hygienic practice and sanitary

conditions. In all cases the organisms must enter water supplies (or a vector closely

associated with water) from an infected individual and survive long enough (in the water or

the vector) to infect another individual. It follows that two methods of controlling

waterborne and water-washed infectious disease are (1) to keep infected individuals and

their wastes away from water supplies and (2) to eliminate the infectious organisms from

the water by treatment (e.g., chlorination). Controlling water-based disease can be

accomplished by eradication of the aquatic vector (e.g., the snails which carry the larval

forms of Schistosomes).

RECOMMENDED FIELD-WATER-QUALITY STANDARDS

As discussed in Volume 5 of this report. Infectious Organisms of Military Concern

Associated with Consumption: Assessment of Health Risks and Recommendations for

Establishing Related Standards,1 there are no relatively simple field tests for measuring

the specific concentration of any of th~ variety of infectious organisms listed in Table 1.

Until such tests are available fat' ueternllning either directly or indirectly (based on

• Sanitary Engineering and Environmental Health Research Laboratory (Building 112),
University of California, Richraond Field Station, Richmond, CA 94804.
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Table 1. Water-related diseases and route of transmission.

Water-related disease
(responsible infectious organism) Waterborne Water-washer.! Watf.r-based

Bacterial diseases:
Bacillary dysentery (Shigella spp.) X X
Cholera (Vibrio Cholera) X
Diarrhea ~ampylobacter) X
Diarrhea lEscherichia coli) X X
Leptospirosis (Leptospira spp.) X X
Salmonellosis (Salmonella spp.) X X
Typhoid fever (Salmonella !Y.I!!!!) X X
Skin infections (Pseudomonas spp.

and Staphylococcus spp.) X
'{ersiniosis (Yersinia spp.) X

Viral diseases:
Enlero viruses X X
Gastroenteritis, Norwalk agent,

and Rotavirus X
Hepatitis A (hepatitis virus) X X

Par-asi tic diseases:
Acanthamebiasis (Aca."1thamoeba spp.) X
Amebic dysentery (Entamoeba histolyticaj X
Ascariasis (Ascaris lumbricoides) X X
Balantidial dysentery (BalantidiuHl coli) X X
Dracontiasis (Oracunculus medinensis) X
Giardiasis (Giardia lamblia) X
Meningoencephalitis (Naegleria spp, and

Acanthamoeba spp.) X
Schistosomiasis (Schistosoma spp.) X

.__.-

indicator organisms) the concentration af specific infectious organisms in field water, the

mIlitary should continue to use the membrime-filter technique for the presumptive

detennination of the presence of coliform organisms in water. The present fip.ld-water­

quality standard bas8d on this technique (i.e .. cLliform densities should not exceed one-,
colony-fonning Wlit (CFU) per 100 mL)'" .,,;,Ul be considered indicative of a safe level for

infectious organisms in field water. Nevertheless, the consumption of specific

concentrations of the infectious organisms of mihtary concern in field water can be

evaluated. This evaluation can be accomplished by using th€ risk-assessment model we

presented in Volume 5 in combination with (1) the dose-response equation for the

particular infectious organisf'rl that yields the rnor-t conservative estimate of the risk of

illI\I~ss; (2) an estimate of the concent cation of the infectious organism in the field water:
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(3) an approximation of the daily volume of field water the population of military

personnel is likely to consume. and (4) the expected efficiency of any water treatment

process that may be used for removing the infectious organisms from t~e water prior to its

conswnption. The risk of illness for military personnel from consumption of 11 waterborne

infectious organisms is discussed next. Additionally, the health risks are described for

exposure to water-washed and water-based infectious organisms. However, the method

for evaluating the risks fl'()m the latter group of infectious organisms is not as quantitative

as that used for waterborne infectious organisms. The reason for this is that only a

limited amolUlt of data are available conceming the dose-response relatiunships,

environmental concentrations. and persistence of the water-washed and water-bas'f:!d

infectious organisms.

HEALTH RISKS FROM WATER-RELATED INFECTIOUS ORGANISMS

This section is divided into two parts. [n the first part we discuss the results of

application of our risk-assessment model for detennining probabilistically the risk of

illness for a fraction of a military population of up to 20 military (representing a

platoon-sized group--see Volume 5 for assumptions) personnel consuming waterborne

mfectious organisms in field water, based on r~presentative high- and low-risk conditions.

In the second part we describe the evaluation of the health risks posed by water-washed

and water-based infectious organisms and identify the efficacy of control strategies for

minimizing these health risks.

Waterbo..r.ne Infectious Or~ism~

The health effects caused by infectious waterborne agents are qUltt:: varied. Table 2

lists some of the major effects of each disease. For example. ~!ligella. Salmgnella. and

enteroviruses can cause vomiting and diarrhea symptoms which can seriously degrade a

soldier's ability to perfonn. However. these diseases are seldom fatal. On the other

hand. cholera and some of the parasitic worms (helminths) can produce life-threatening

diseases.

The risk-assessment model described in Volume 5 was used to develop a probabilistic

description of the percentage of an exposed military population that would be ill after

drinking water contaminated with specific infectious organisms. The model was applied
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Table 2. Health effects associated with water-related mfectious orgaIllsms.
_._,-._-------

Waterborne infectious organisms Health effr-cts
------------_._---_._.__._._ .. - ...- _....- ---_...._---

BACTERIA:

Shigell~

Vibrio cholera (Classical and El Tor)

Campyiobac ter

Escherichia coli
- ---
~almonella spp.

Salmonella typhi

Yersinia spp.

VIRUSES:

£nteroviruses

Norwalk a~ent

Rotavirus

Hepatitis A

PROTOZOA:

Giardia lamblia-------,

Water .. washed and water-based
lllfectious organisms

BACTERIA:

Non-cholera vibrit? spp.

Pseudomonas spp.

Diarrhea, bloody stools. ulceration.

Diarrhea. vomiting. dehydration, death.

Diarrhea. vomi ting, malaria.

Diarrhea

Diarrhea

Fever. constipation, malaria. anorexia.
ulceration. septicemia.

Diarrhea. enterocolihs. abscess, septicemia,
colonic ulceration. arthritis.

Viral gastroenteritis.

Gastroenteritis, vomiting.

Diarrhea. vomiting, fever, dehydration.

Fever. jaundice. abdominal discomfort.

Bloody diarrhea, constipation. fulminating
dysentery.

Chronic diarrhea. cramps, anorexia.

Health efft~cts

Skin ulcer and sepsis; fPover, chills, nausea,
occasionally dt:ath.

Slun ulcers. SHpSIS. nosocOllllal Infections.
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Table 2. (continued).

Water-washed and water-based
in fec t ious 0 rganisl1\s

Aer:9!!lOnCl§ spp.

PROTOZOA:

Naegleria spp.

Balantidil!r:!! spP.

HELMINTI IS:

DracWlculus medinensis------ _._---

HtJalth effects

Impetigo, fJcthyra, folliculitis, bolls,
carbWlcle. abscesses, cellulitus, erysipf'fjas,

Iaundi(:t~, flu ·like illness.

Wourl infer:tions, gastroenteritis.

Amuebll; meningocnr. ephalit is,

Primary amoebic rnenin~oencephalitis.

Diarrheal disease, abdominal pain, colonic
ulceration.

Temporary cripplin~ disease.

PneulTloni tis, labored brea thin~, cough, chest
pam, fever, anorexia, vomiting, diarrhea.
constipation.

Dysenteric.
symptoms,
de rl11a tI tis.

pulmonary, imd
rigors, Itching

abdominal
skw, and

to 11 watt~rbOl1lfJ mfp-ctious lJrganism~ dnd used tlll'f"e rt~presentative w"posure seenarios.

The first scenaflO represents H !owrisk situation In a dt!vp.loped country: 10 I. of waltJr

that ure r;onsullwd daily havf) (l pathogen l,oncentratHHI equal to thf~ gt~(lllwtflC Inean of

the dDse dilt" dnfj ,I standa.rd devlatlCm f:qual to thf~ -;tandard dp.vlatlon uf the dose ddta.

Iht· I rt~d t"wnt ld ficif~I1C:Y IS dSSUlIIHd to nml()VI~ hd Wf:tJn ljW~b anc! 'HI. B!l9% of t~1f!

lldt~I.II(H.l!'l ()r~arllSrns frolll tht: fu:ld water. An t~qlJlViihJl\t t~xpression for ,hIS treatment

I~ffit:lf:nc~' IS 2 to ~ lof.( rr~lTlovals, wtwre lo~ rt~/lloval corresponds to IhH lo~ari thm of thB

LH:tOl' oj l'l~dUi'Il()n If', lilt: IlUltlhfH of 'IrgarllslliS IJlB' lltl!r of walfH It~,~., If the millal
/'

conCf~ntr;ll!()n of orgaIilsrns is 11)'/1. ilnd trt:alrtltmt mducp.s this concentration to

~:)flllr~;l/IJ.·;rns/1.. atxlut a Ilq,!m% trtJatlllllflt dficit:llcy. thell 1(J~1lJ !lUt)/LfJO! Hqua:s :U; log

1l~I/IlJvaJfll, ,[,hf! second sumano n:p/'fJsents iI hIgh nsk sltuatllJn In 11 df!\lf'loped country.

nus 'dtuallon Inlght 1)1:: IJfI'.OUlltl~fI~d durmg it IlIlIltary cOllflll;l, A dally LOIiSulllptlon l'iltl~
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of 15 L of water is assumed. The pa:hogen concentratlOli has a llwall I~quill to lilt:

geometnc mean of tht: dose data but thf~ standard deviation is assumed to be 100 tllnes thp.

actual ~tanda\'d deviation of the dost' dott!. There IS no water treatment; the removal of

infectious orgamsms is 0%. The t.hird SCt!nal'IO rr.presents the low-risk ~itllation III a

developing country. WaleI' consumption and trl'atmtmt dficiency are tilf~ Si.llllt-' as ill thl~

first scenario but he pathogen concentratIOn IS sOl1ltlwhat higher.

The probability (PI) that the percentage 111 in a population of ~o Imlitary pl~rsonnel

will bp. greater than Rither 10% or 90% as a result of consuming field wattH containing

inftctious microorganisms is summarized ill Table 3 for 11 of these waterborne pathogl!lls.

These probabilities Wffe determined tor conditions considp,rt~d representative of high and

low-risl\ SItuatIons in developed and developing COWltrlCS, as dp-rirwd earlier. Rl!>K UII"'\tlS

that reflect much of the data contauwd ill Lible J are presented ill Applmdi, C of this

docwnent. These cu~ves can be used to estimate probabiltt ies other than those l'xpresseu

ill Table 3 for the percentages of troops that may become Ill.

The exponential dose-response ~quation provided the most conservative estimate of

risk for five of the pathogens .!vaLJatl-!rt li.e., ~higella spp.. VJ.!?_rio chol~rae Cla!isical.

~almon~lla spp.. ~tamoeba tlystQ!i:Eca, and ~iardl~ lamblia): the logistic dose- response

equation provided the most conservative estimate of risk for three of t!l:; patho~f:nS

evalunted (i.e" yibriQ cholerE.!! El ror,~:_!i~h~·i.!1.h.~ c_oli. and §~t~"!1onella !1.l!.l~j); and the

lognormal dose- response equation provided the most conservative estimate of risk for

~_am~t9.!>ac~ and was used for YI3J.:..s~nJa spp. and enteroviruses because dose-response

data for the iatler organisms were too lilllited for use with other dose-response elluatiuns.

A comparison bctwpen the risk as!>t!SSllwnt results rresented Hi Table J for developed

and developing cOUfitrit!s rf!veals that for all 11 waterborne infectious orgamsms the risk

of illness IS greatest in d'!vf!loping cuuntries. These results indicate that thf~

nSk-.1SM~S!Jrnent lT1C)(14l1 is Sf!llSltlVf~ to changes In thf~ llIean con,;entratlOn of pathogens In

writer. For example, tor f~iich of lhl! InfectIOUS or~anilims examined with the

risk aSSf!ssment lIIodel the rnt~i1n patho~en LlJllumtriltlon is greater m deve!oplTl?, countrIes

than In t1evdoped countnes. It also was noted frolll a stmsltlvlty analysis deSCrIbed in

VOlllJnfl 5 that the volulIlH of watt~r consumed llO to 1:1 1./(11 has little df.!c l. on the flsk

estllnates. Consequently, thl-! applicability of thf! I'Isk CUrvl!S IJn!Stmted In ApPf~ndix C and

III Volulllt~ :l 1o specllic fidd cOlllbat SituatIOns can be IlI\provt~d dramatically If' accurate

11I1!aSUfelllHnts of thf~ concentrations of HUl patho~enic or~anlSIIIS that ill'l~ PIl!SI~llt III the

wilt(~r aw made and tntrodUCt!r1lllto thp. rIsk i1SSI!SSlIItmt lIIoutd

Anottwr l/llpoltiJnt POUlt to uHlsl(ier wlwll IIltl~I'PI'l!tif1g tlw Viil'IOUS rt~sults of !he

!'lsI< aSSl~SSIIIf!rtt llIodld .s thf! lf~li1tl()I1ShlJl f)f':tWI~I~f1 liltl~rll;Y ll.e., tillw frolll U1ge.c.;tllH1 to thl!

..
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onset of :-;y1Tl{ltOIllS) and illness. For example. the latenc.y perion for the pathogenic

microorg.misms of con(;ern generall~' is one to three days (see Table oI). This means that

the expected percentage of troops that will become III may still be capable of executing

their military responsibilities for up to 1 d and maybe even for up to 3 d after ingesting

field water contaming any of the microorganisms of concem. Thus. the type of situation

confronting a \U1it lfl the field may lllfluence decisions regarding th/~ use of water. For

example. the need to completl1 n 1 -d rnis.'ilon successfully may be so important in a hot.

arid tOl1viromnent that the risk of infection occurring 1- to 3-d after exposure to field

water containing pathogenic microorganisms is academic. no matter \vhat pl'oportion of

the papulation IS likely to be affected.

TWll examples of how Table J and cor.espondmg figures in Appendix C might be used

for risk assessment purposes with l'eSpt:ct to estimating the success of military missions

are presented next. However. we emphasize that Table 3 and the figures presented in

Appendix C. which are adapted from figures ill Volume 5. are constructed from the

risk-aSSfJSSment model and assumptions and data presented and discussed in Volume 5.

More refined situatllm-specifll~ risk ta.bles and figures can be constructed by using the

nsk-assessment model with site-specifi.c data. particularly monitoring data that identifies

the concentration of microorganisms in a field water.

F.XAMPLE J: A military unit is operating in a devp,loped ,;mmtry and the
only drinking water iwaliable is Imtreated surface water from mmmtain
streams. The microorganism considered to be present in ~uch surfnce waters is
the protozoan Giardia lamblia. which can produce a severe diarrheal illness
(i.e., giardiasis)~-·rhu.~. -iills--rTeld water is consldered to be one of high risk to
th~) military population. The possible impact of this \·'Ilater on mission
accomplishment can be af>st~ssed by using the apphcable infonnation for
gi?!'.9ia L~-'.I].gll.-~ in developed cOWltries that is contained in Table :L

Examination of Table :1 rcvllals that there i~ an A8% chance that more than
10% of a population of 20 Hlllitary personnel will oHcome inftH.:ttld and could
exhibit clil1lcal symptoms uf gliHdliiSis as (~arly as three days after exposure
IS/le Table n. Tabltl:l also sho",s that th/lre IS an 8:i% probability that more
than !JO% of the exposed military populatIOn could develop ~lla:'(!lasls as e,trJy
d~ three days after l'XpOSUr-ll (see rubJel). Figure C 11 in Appendix C dispJays
ttWStl relatIOnships graphu:nlly ami indicates tlw melastu.: nature of thtl I·isk.

The umclusion to tw drawn from tillS analy!>is is that il "iignificant fisk /!xists
f) HO%) that :my "'lssiul\ lastln~ up ~o 7 d ilnd mqUlring lIlore than one
Il1dlvldual to complete lu!.. ) qO% of 'In: population of ~o military personnel
could heCOl'lt~ 111) could be It)o~a;'dll/ld should t mops COIlSUII,e tht~ Ilt~ld wah·H'
wlthollt ad/lquate flltratlOn f/lll()w(~d by ,1!,>inft:ctICHl.
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Table 4. Latency!l fol' di&ease symptoms proouc:ed bv COl1lll\on waterbomfJ pllthogp.lls.

Organism

~~igella dysente!.L~~

Carnpylobacter i.d.~i

Vibrio cholerae

Escherichia coli

Salmonella .!llili!
Yersinia--_.-
Enteroviruses

Norwalk agent

Rotavirus

Entamoeba histolytica

Giardia lamblia---

Latency
(d)b

.\ to Ij

1 to 4

( 1 to ~

0.1 tu i

3 to 2:!

( 1

2 to ~\5

0.42 to 2.1

1 to 4

7 to 98

J to 56

._-_._-------_._~---_.._---
a Latency is defined to be the time (in days) from ingestiGll to the onset of symptoms.

b Bdsed on datd contained in Appendices of Volume 5. 1

EXAMPLE 2: A military W1it is operating in a developed cOWltry and the
drinking water waitable is from a surface water that has Wldergone treatment
by reverse oiimosis water punfication followed by disinfection. The
mieroorganism cO!1sidered to be present in such surface water is the bacteria
f...scherichi::. coHo wllich can produce an intestinal 111118SS. Thus. this field water
is considered to be one of low risk to the military population. The possible
impact of ,his treated hnd disinfec.ted field water on mission accomplishment
can be assesseo by usmg the applicable infonnatlOn for Et!<;..her~c.b.!.a ~}!i i;
developed countries that is contained in Table j

Examination of Table] reveals that thf~re is a !l6% chancf! that more than 10%
of a population of 20 mili tary pt~rsonnel will ~ecome mfHr.tert iUld r.ould m<hibit
clinical symptoms of intestmal illness 10 less than one day after exposure (SHe

Table 4). However. Table :\ also shows that there IS IJ ttle chance that more
than 90% of tht~ t~xposed mili tar, population could develop an intt~stll1al

1lIntJ!->.'i. Figure C ·l m Appendix C shows graphically the relationship betl,,,etm
level of fisk dnd percentage of military populatIOn that could become ill from
I!xposure to t~. c~~li in field wilt'~r.

The conclUSIOn to be drawn from this analysis IS that tht!re is virtually no fisk
(I.e" zero, that a rTlllitory ITlISSIOn lastinR up to 7 d and rt!quirinR at lea~;t one
individual to complete (> 40% of the population of 20 military personrwl could
hec')lI\e 111) could htl 11::!Opardizf!d should troops consume the tfl!attJO filJld
water. However, there IS a SijlffllficiiIlt I'Isk () !)~)%) that mom than I()% of the
l'xpoSt!d population could hf!COIIIIJ ill III It!s!> than 1 d (stlt! TablfJ ·1)



Volume ~

as a consequence of exposure to the treated field water. Nevertheless, the
level of risk decreases for percentages that are greater than 10%. Therefore.
military missions lasting up to 7 d and requiring up to about 18 individuals to
complete should not be in jeopardy and can be performed.

From the rBsults of the two examples just ilresented, it is evident that the reliahility

of the l reatment and disinfection capability of a unit is important. This is especially true

in developing countries where it is assumed that the concentrations of organisms could

vary more widely than in developed countries and therefore at times are likely to be

greater in concentration.

Water-Washed and Water-B~~~<!JnfectiousOrgani~ms

The task of evaluating the health risks hom expobure to tile water-washed and

water-based infectious organisms of military concern is not as straightforward as for

waterborne organisms. Thus. a procedure different from the preceding une was used to

evaluate the health risks from these water-related infectious organisms. This procedure is

described in Volume 6 of this report, Infectious Organisms of Military Concern Associated

with Nonconsumptive Exposure: Assessment of Health Ri~!.~ and Re~!>mmendations for

Es!..~~lish!.!!&..J~eJ~.L~<! Stan~:tards. 3 and summarized here for the infectious organisms shown

in fable 5.

Feachem at al. -l and Bradley and Feachern5 defined five categories of infection, as

shown in Table 6, These categories are based ,In environmental features discussed in

detail in Chapter 14 of Volume 6 that include latency, infectivity, mfective dose. and

mude of tl'ansmlssion. Control measures appropriate to each category also are shown in

Table 6.

Table b. \Vater washed and water-based infp.ctious organisms selected for review.

BactHl'Iii Protozua Helminths
._-----------_._---_._--_.

~Iln ~h!~!tl.a.!~ y~~~ spp.
P<,eudomonas spp.
St_'!1i.bJloc;:O(~(;~ spp.
L~ll.toSPl!E spp.
t\I~~9~I!.HW5 spp.

~'\c an tharnoeba spp.
Naegleria spp.
~alantidium spp.

'j 11

Dracunculus medinensis
"Ascaris It:llbi1COTdes-"
Schistosoma spp.
TnCfiobilharzia spp.
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There is a clear difference between the first two categories and the last three.

which require an animal host or intennediate aquatic host as part of the mode of

transmission. Furthelmore. the most important major control measures for the last three

categories involve limiting contact between the potential host and untreated water (i.e.,

ponds. lakes, stanting water. etc.) and the provision of toilets. If a treated-water supply

is provided. i.ndependent of other control methods, the likely effect on minimizing health

risks in exposed military populations for each category would be as follows:

Category I:

Category II:

Category Ill:

Category IV:

Category V:

great.

slight to moderate,

negligible,

negligible, and

negligible for Schistosomiasis, but great for Dracontiasis.

According to the classification scheme just mentioned, the immediate risk posed to

military personnel is the highest from pathogens in Category I and generally the lowest

from pathogens in Categc1'Y V. This evaluation is based on the effectiveness of the

treatment process be.ing considered. However, if the assumption is made that all

water-washed and water-based infectious or~-'1isms of concern will be present within

water and also immediately infective, it would be more realistic to base the relative

comparison of risk of infection on the median infective dose of the pathogen and its

latency. Following this assumption, comparison of dsk from the organisms can be made

from the dala shown in Table 7. Review of Table 7 indicates that the pathogens can be

roughly grouped as follows: short latency (Le.. few days to 10 days). and low infective dose

(Le., .~ 102 organisms); long latency, and low infective dose; and short latency, and

medium-to-high infective dose, Based on this type of classification, it appears that the

pathogens that present the highest risk of infection (Group 1), relative to health effects

occurring over a short period of time (Le., ~ 7 d), appear to be Staphylococcus spp.,

Leptospira spp.. ~. ~oli, and Ascaris lumbricoides, The group of pathogens that present

the highest risk of serious infection (Group II), relative to health effects developing over a

long time period (Le .. ~ 1 y), appear to be Schistosoma spp., and Qracunculus medinensis.

The final group of pathogens (Group III) are those with a medium to high infective dose cwd

a short latency period. Unless the concentration of these pathogens in water is quite high.

it appears that they present the lowest overall risk of infection,

5-13
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Table 7. Grouping of pathogens based on latency and infective dose.

Pathogen

Group I:b

Staphylc~o,ccUS spp,

Leptospira spp.

Balantidium coli

Latency
(time interval)

< 1 d

( 7 d

Few days

Median infective dosea

Low to high

Low

Low

Ascaris lumbricoidf

Group II:b

Schistosoma spp.

Cercarial dermatitis

Dracunculus medinensis

Group III:b

Acanthamoeba spp.

Naegleria spp.

Non-cholerae Vibrio spp.

Pseudomonas spp.

Aeromonas spp.

Few days to several months

4 to 6 wk or longer

4 to 6 wk or longer

10 to 14 mo

> 7 d

3 to 7 d

'?

2 d

1 d

Low

Low

Low

Low

Medium

Mea. '.1m

Medium to high

Medium to high

High
_._----------_._----_.

a Median infective dose (organisms ingested and/or absorbed): low ~ 102; medium .. 104;
high.?. 106 ,

b See text for defini tian.
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The fcl.;us of the previous ti~scussion is on the risk of infection assuming no trehtment

of the water supply. If a treated-water supply is provided. the likely control of each of

the aforementioned groups Gf water-washed and water-based organisms would be as

follows:

•

Group I:

Group 11:

Group III:

slight,

negligible for Schistosomiasis. but great for Dracontiasis. and

slight to moderate.

The basis for the risk assessment just described has been a classification scheme

based on the key environmental features and control strategies for the pathogens of

concern. This risk assessment is semiquantitative because of the limited nature of the

data for these microorganisms with respect to issu!~s that include dose-response

relationships, correlation to indicator organism(s), and survival under different

environmental conditions.
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CHAPTER 6. REGIONS OF CONCERN WITH RECAP.:

TO WATER-RELATED INFECTIOUS ORGANISMS

A. W. Olivieri, * R.E. Danielson.· and P.G. Badger*

Data are not available for assessing the precise location globally of all the aquatic

infectious ol'ganisms of military concern. In fact, most of the inf~ctious organisms can be

considered ubiquitous. especially in thF! Third World. Nevertheless. in this chapter we

describe two indicators useful as warnings that high c:oncentrations of infectious organisms

may exist in :he field water of a particular region. We also present data that were

available lin determining specific locations of Schistosoma spp. and Dracunculus

medinensis in water of different regions globally.

INDICATORS OF HIGH CONCENTRATIONS OF INFECTIOUS ORGANISMS

A summary of the distribution of the common aquatic infectious organisms is shown in

Tables 1 and 2. These infectious organisms are ubi.quitous, '>ut are found in higher

concentrations in some areas. particularly those with poor sanitation such as developing

countries. Figure 1 presents a map indicating t.he developing countries with poor

sanitation. These countries appear as shaded areas in the figure.

Infant mortality rates (deaths in infants leal than 1 y old) also can be used as an

indicator of areas where military pei'SOnnel would be at risk of water-related infectious

disease. In fact. locations of moderate to high infant mortality correspond to areas of

poorest sanitary conditions and the majority cf deaths in this age group are due to the

infectious diseases produced by the organisms listed in Tables 1 and 2. Figure 2 is a map

showing ranges for infant mortality in locations worldwide. Because of the direct

relationship between high levels of infant mortality and poorest sanitary conditions.

Figures 1 and 2 should be used together to locate the geographic areas wHh the greatest

likelihood of having high concentrations of infectious organisms in their natural waters.

It should be noted that very little infonnation concerning waterborne disease

outbreaks in the U.S.S.R. and other Soviet Bloc countries was available. However, it may

be assumed that the commonly occurring waterborne pathogens that occur worldwide

would also be present in these countr1l:!s.

• Sanitary Engineering and Environmental Health Research Laboratory (Building 112).
University of CalifDmia. Richmond Field Station, Richmond. CA 94B<J4.
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TC'.ble 1. Global distribution of waterbome infectious organisms.

Waterborne infectious organisms

BACTERIA:

Shigeila spp.

Vibrio cholera
(Classical and El Tor)

Campylobacte~

Escherichia coli

Salmonella spp.

Salmonella !.u?!y

Yersinia spp.

VIRUSF.S:

Entero-"iruses

Norwalk asent

Rotavirus

Heplititis A

PARASITES:

Entamoeba histolytica

Giardia Lamblia

Dis t ri.bu t ion

Worldwide

Coastal areas in ASia. East anj West
Africa. and isolated from coastal waters of
developed countries.

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

-------------------------_._-_._-_._--------

WORLDWIDE DISTRIBUTION OF DISEASE FROM 5.~_HISTOSOMA SPP. AN 0

DRACUNCULUS MEDINENSIS

Data were available for the prepal'aticn ot' maps 11lustL'ating the distributIOn of

disease from Schistosoma spp. and Dracunculus medinensis. The llistributlon of these-_.... - ---_._.
organisms and related diseases is described llext. As discussed 10 Volume 6 of thiS study.

rnfectious Organisms of Military COnCel'tl ,Associated with J"oncQ...~~!!!1ll!~e Exposure:

Assessment of Health Risks an~t Recomme~dilli~_ns fQ.~F.stabUshing Re!ated ~tandard~.1

schistosomiasis i~ the i.nfscticn caused by a trematode (blood fluke), ~fhlst9som~ spp.. the
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Table:!. Clobal distribution of wilter-washtld and wattlrbased infectl\iliS organisms.

Water ·wa!>hfld ami water based
mfectlOlIs orglll11sms

BACTERIA:

Non- cholera Ylbri f•1 "pp.

FROTOZOA:

Ar.¥1t!!.amo~J.!!l spp.

~~.ae8ler!~ spp.

HELMINTHS:

Ascans IUlllbricOldes

Uis t 1'1 bu t IOn

(:oastal tll'tlilS worldwldp

Wurldwidp,

Worldwide

Worldwide

Worldwide

Worldwide

WorldWide

Worldwide

India. Afrie", Middle East, and South
Allie ri r: a.

Worldwide

Africa, Middle East. India, Southeast Asia,
and Central anri South Al1lt~rica

wat~rbornt~ 1i.lIV'lfl of which Hntl~r tlw horly dirt'ctly hy penetratmg the skin; dracl '1tiasls IS

tlw mlectloll plUduCt~d by lhtl lnrge nematode n.r~~\:J!1(:ulu§ 1JIl:'.9)J).!!llSI~ (cofTlmo•. ly called

CUllwa worm I t !Ia l lmhlrs t hr. Ix)dy whtm WU t Hrborne ~i·(.;.l0.Q..s co(wpods in fec ted with It ....

li1rviw am COO'll:llll:d ICl dnnhlllg watt:r and thtlSt~ larvat~ subst~quently are liberated in the

(hgl~sIIVt~ systtlfll.

S(JlIS!u~Ollla lTl':l~~ol\i. a~ "hown lTl Figs. :I andl. occurs ill Africa. pfedorninattdy

t t "",' i "S 11 I Jtil t M' i'l f' .2,:1 1+H~tWP.t~lI t \!~ l:l ." ;tIl( :~:J, pari! I~ S ,III( laS )t~,m rtllxH'tt~( III I lt: I( (I t~ ·.a~.. , IS

btdlt-'vl~d that A!f'Ican ',lavtls brought tillS (Jr~afllSIl\ til SOUlh AIIIIJl'\ca where It haS

,~"t<tblist\l~d a foothold <tlony, tht~ t~iislf'rn coastal 1'I~'I,I()fIS nort~l to PUl~l't(J H1CO (S\H~ Fig..q.

Sdll~tOSOJlllilSI!'> hils ;dso bt~P'1l l'I~(X)('II~d III ltat~ 1lI1t~I'lOI uf Brill.:! alld t;cuadur, as IIIdu;i1tud

1(\ Fig ..1.
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~cll1SJUS(~!!Ii.l ~!,rll£unl, as ~hOWll III 1'1)0(. :'l. Cilll bH fo~md Iii (~hina. Japail. (:t!lt!lll''i.

thtl Philil)pines, l.aos. Camhoaia. ilnd tht~ ~olltllt!nl port lOll of Vwt ~all1. 2.4- H

Schist,Qson~~ n!f!~gngi, as shown in I.'I~. Ii, IS found l/I Southl!ilst A!'>la, The Ol~mll'illl IS

prp.sI~l1t III the Mekol1~ River frolll PaksI: III 'iolltlwnl !.,111S. to I\llong Island, l.aos. <lIHI south

to Strun~ Tlm~ and ~ratlH, Camhodla Ii'lllllpudwili. S(JII.I~ dlt'ilS \\t~st of tilt! Mt~kollg l(l .... t~1'

Mil infected in Thailand and Call1',xJdia (i'alllpuc!lt·i1I. h(llatl~d CilSt~S ha .... l~ bt:t'll l"I~pol'tl~d III

Southern Thailand, Java. Indonns)a. al1d M,davsla. It l:l

~~~iS~OSOr!l;t ll_a~!I~~1_~2t>i_~!1!, as shown l/I I"I~. '7. IS found throu~hollt Illost of f'lnCiI.

particularly 111 Central and S()uthl~aSlt~1'II Aflica alld tilt' ~ill~ Rivt~r Basin. It IS also fOllnd

in parts of the Middle East. With fOCI III Jordall, Syria, Iraq. llan. Arahl", ltlld

Y 2-4,16-14 '1'1' II f' 'I j'tJlnen, ltHe IS a sma oeus III IH Ill.

Dr~cuncuIJ.l§ '!~tigj!!tJnsis. as sl'own ill Fi~. H, is found in elmtral and West Africa.

most of India. and portions of the Middlt! East. St!\'I!n states in India al't~ lmdt!JI1H: for

IX IJ_!!!.<.!inensi~, put tin~ a population of 10 1111 11 ion persons at risk of adverse lwalth cHects

in that COWltl)' alone. \li~I'!ria IS the next most afflictt!d countryY

Data concemin~ the conctmtratlollS in worldwide waters of the other water-relattHI

infectious organisms should be ubtained. This informdtion would assist military plarulers

and nsk managers in identifying the geographic regions of the world that are of llIost

concern £torn the perspective of particular infectious organisllIi> ill field water.

Furthennore, the impact of specific infectious organi~llIs in field watl!!' un exposed

populations of military persorUlel could be assessed in tenllS of both the known latency of

disease symptoms and accomplishment of Illilitary missions,

Ii H
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CHAPTER 7. SUMMAR Y AND CONCLUSIONS

).1. Daniels· and D.W. Layton*

This volume can help military ri&k managers to assess the potential

perfomlam.:e-degrading health effects of particular constituents of field water (~hvsical,

chemical, or biological) on exposed personnel. Accompanying these data is an f:V'aluation

of the general physical, chemical, and biological quality of field water throughout the

world. The evaluations alerts military decision make['s to high-risk locations in pot'~ntial

theaters of operation.

PHYSICAL PROPERTIES AND CHEMICALS

Turbidity and color are the main physical properties of field water of military

significance. Total dissolved solids, chloride, magnesium, and sulfate are among the

inorganic constituents of most concern. At concentations in field water above

recommended safe levels, all these constituents can increase the risk of

performance-degrading health effects in the military, effects resulting from dehydration

and catharsis.

Not only does the taste or appearance of high concentrations of these constituents

make the water undrinkable, but consumption of field water with high concentrations of

some of these chemicals produces laxativd effects. In either case, water loss and

subsequent de~lydration can degrade performance. Magnesium and sulfate are of most

concern because they can induce laxative effects at concentrations below their taste

thresholds in unacclimlat.ed individuals.

Arsenic and cyanide are also among the inorganic chemicals of military concern.

People who ingest too much arsenic in field water can experience nausea and a!>dominal

pain. Cyanide above recommended safe levels in drinking water can adversely affect the

nervous and respiratory systems.

Except for arsenic and cyanide. high levels of inorganic chemicals in field-water

supplies are to be expected in some parts of the w\lrld. Critical regions are those with (1)

high degrees of evaporation relative to precipitation, (2) areas ncar oceans. and

(3llocations where water comes in direct contact with geological formations of soluble

salts. Elevated concentrations of arsenic and cyanide in field water would most likely

* Environmental Sciences Division, Lawrence Livermore National Laboratory, University
of California, Livermore, CA 94550.
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ocr.ur throuMh lIldustnal contamUl8 tion. al thuugh 11,1 \ lll',tll \'11I~h .tr~t'llil: COllI .1~1l111l11P11~ 111

ground water l)l:cur mfrt)quently. Rapid d",o\lflcatlol\ dlld voliltdll;ltltll, III hOlllt'S III

waleI' mak~ only th~ art'a~i 11lJ1lIP.di ..lltd\ .i(llllid lflllustl'lill sourct:,> ot !JMtll:ul.ll I:OIIU'I;I

with regard to cy,ll1lde.

Orgalllc ch(!lnlcals are l!kdy 10 lw found III lIIallY fit'ld walt~1 ~ilJppllt~'i. !':'l:I'Pt lo!'

pestiCides. they are rarely found in cnnctmtratHHls tllgh t~l\llligh to dt~~rllllp tilt! hl'dlth dill!

perfonnance of t~.\:pos..)d military pprsollllei. 11uwpvt!r. .,hould cr.PlIllcal tactOI'l!!S Ill'

destroyed in military operations. hi~h It! .... els uf orgiUlic dWllllcals could <;jJlllillllllliitt~

nearby field-water supplies. Hence, dWlJIlcal Il\imufactunn~ centers dJl(! oil lld'lIwrws

considered to be military tilrgets. or adjact!llt 10 1IIIIIl<lry targl!ts, rt!prl' .. t~lll pottJlltlal

suurces of field-watl!r l~ontalllination.

Amon~ the ~Iestlcidt~s of particular COnCI)rn IS lindane becaUSll It may occur at

elevated levels in field waters near agricultllral awas, and It has bnen found whf)l'f~ nct! is

grown. Ingestion of field water contalllln~ t!XLt!SSIVt! levels of lindane can produce such

perfonnance-degradin~ health f'ffeels as nauSI'a. dizzil1t~ss, rt~stlessrlt's~, hll<llbchl'.

VOI11I ting, and abdommal pain.

Il\jFECTIOUS ORGANISMS

Bacteria. viruses. and parasites (e.g., protozoa and helminths) are the groups of

water-related pathogens 01 greatest military concern. These infectious organisms calise a

variety of performance-degrading diseases. They are fOlmd at highest concentrations III

developing cowltnes With poOl' sanitation and 11Igh infant Illortality. particularly III

equatorial Africa and Asia.

CONCLUSIO!'JS

Tht! information prt!sentp,d In thiS voluIIw of Ihe report will Iud military planners and

rlsh managers to dllclde whf'ther Cf!rtam water constitlwnts might If!duce perfor'lllanct~ of

t!xposp.d military per~()lllwl and then!by jt!Opanlilp. IlllSSllJn i1cCOIIII,lishrntml. KnOWing the

quality of fit-dd watt~r generally f~\PI~cttHl .II gt!ographll: l't!~i()ns worldwide allows !mlllary

plillUwrs ;l1ld risk nl<lIl;J~l!r.. to 'I) i1ntj(;lpdlt~ water lreallilimt alld monitoring capabilitlt!s

nt!eded for a particular rt!gllJn. and (2) estlllla\l~ thf' posslhlt! pt~rforrniinCt~ dt:gradrng lil~alth

riSks that could I'f~sult from Iht! aOSf!lI';1' IH failurt! df thl)sl~ capabilitit~s. I.'illally.

IIl0111lonnK of fildd wal!;r quality should always llt~ p['acIJ<:I~d III 11) dlmst~ly POpuLlt f !c1

areas, I~) locatu)lls of IlIttlnsp. agnc:ulturlll productIon, 1'\1 ~Jtt!S rwar IIIrlUSIl'lill

rnanufac t ul'ln~ Ct!n h!r... ,1/ IIJ 14) a I'l~as ·.....~w I'l~ IIlssolvp,d sollci'> it n~ 11 ktdy I() rt~ach hi Hh

(;onCl~n t ra 1·(Jn~.
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APPE!'Iollll\ :\

LOCATIONS AND PROULJl :'I'I()r\ CAPACITIE..l.) l >F

MAJOR ORGANIC CHEMICAL PRUDUCTION CENTERS

AND PETRULEUM REFINERIES uJORLDWIDE

Maps Imilcatmg the general locatIOn of maJor chemical production centers (Fig. A-I

through A-5) throughout the world (except in the U.S. L\nd Canadal are presentfJd in this

appendix. This appendix also contains six tables that identify the locations of these

facilities and major petroleum refmerier. (crude capacity ~ 200,000 h/cd), along with

estimates of thtHr produl:tion capacities SpeCifically, Tahles A-I throul!lh A-5 indicate

the latitude, longitude and production capa(;ities of the maim organic chemical production

center:i (i.e., combined total production of benzene, phthalic anhydride. methanol, phenol,

ethylene, polyvinyl chloride (PVC), polyamides. polyethylene, styrene, butadiene, and

carbon black), CUll! Table A-6 contains such data for the major petrolewn refineries

worldwide.
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Figure A-4. Major organic chemical production centers in Asia (darkened areas). Based
on infonnation in Ref. 1.
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Table A-I. Organic Chemical Production Centers: Africa. l

Volume 9

Country City
-:---~M-:-,a;;;.o;p Location
Latitude Longitude

Production
(metric tons

x 1000)

Congo. n.R.
(Zaire)

S. Africa

+ Data unavailable.

Lubumbashi

Modderfontein
Genniston
Sasolburg
Umbogintwini
Paarl/Bellville
Port Elizabeth

11.41 S

26.05 S
26.15 S
26.50 S
30.01 S
33.45 S
33.58 S

27.29 E

28.10 E
:i.8.10 E
27.51 E
30.55 E
18.58 E
25.36 E

50
Total: 50

150
100
500

+
50
50

Table A-2. Organic Chemical Production Centers: The Middle East. 1

•

Country

Egypt
(United Ardb
Republic)

iran

Israel

Turkey

Production
__Map l.ocation (metric tons

City Latitude Longitude x 1000)

Helwan 29.51 N 31.20 E 50
As Suways 29.5f!i N 32.33 E 150
Kafr EI Dawwar 31.00 N 30.08 E 50

TOti!J.!.-. Z50

Ab:/ldan 30.20 N 48.15 E 50
Tehran 35.40 N 51.26 E 50

Total: 100

Ashdvd 31.45 N 34.40 E 50
Haifa 32.49 N 34.59 E 100
Akko 32.55 1\1 35.04 E 50

Total: 200

Derince 40.40 N 29.47 E 50
40.48 N 29.55 E 400

Total: 450----
----

A-7



Volume ~)

Table A-3. Organic Chemical Production Centers: Europe and the U.S,S.R.I

----_.. .- ----------- ---~--------

Produc t ion
___ MapJ..ocation (metric tons

Country City I.atitude Longitude x 10(0)

.._-_ .._.. __ ..- .-.------- --_._._._._----------
Austria Schwechat IH.09 N 16.2!J E 500

Total: fiCO------_._- --

BI~lgium Jemeppe 50.1 I N 5.19 1': lOP
Tertre 50.28 N 3.48 E 50
Liege 50.313 N 5.34 E 50
Ronsarj 50.42 N 3.41 E 50
Zandvoorde 50..19 N 2.58 E 150
Zwijaarde 51.00 N 3.43 E 50
Gent 51.03 N 3.43 E 50
Temeuzen 51.04 N ].-\4 E 1000
WiUebroek 51.04 N 4.22 E 50
Zandvliet 51.09 N 5.08 E 100
Beek 51.09 N 5.36 E 700
Zelzate 51.12 N 3.49 E 150
Antwerpen 51.13N 4.25 E 1600

Total: 4100

Bulgaria Dimitrovgrad 42.03 N 25.34 E 50
Burgas 42.30 N 27.29 E 300
Kameno 42.33 N 27.17E 100
Pleven 43.25 N 24.40 E 400
Vidin 44.00 N 22.05 E 50

Total: 900

Czechoslovakia Bratislava 48.10 N 17.08 E 450
Novaky 48.43 N 18.33 E 50
Humenne 48.57 N 21.54 E 50
Pana Nad Lyz,nici 49.22 N 14.43 E +
Valasske Mez,irici 49.29 N 17.57 E 100
Pardubice 50.03 N 15.45 E 50
Kralupy Nad Vltavau 50.14 N 14.19E 100
MostiZalyzi 50.31 N 13.39 E 100

Total: 900

Denmark Nyborg 55.19 N 10.48 F 50
Kobenhavn/Kasttkup 55.43 N 12.34 E 150

Total: -ZOQ

England Fawley 50.49 N 1.20 W BOO
Hythe 51.05 N 1.05 E 100
Wilton 51.05 N 7.52 W 1750
Avonmouth 51.31 N 2.42 W 100
Ilford 51.3:3 N 0.06 E :)0
Baslldon 51.J4 N 0.25 E 50
Port Talbot 51.36 N 3.47 W 50
Cheltenham 51.54 N 2.04 W !J()

A-B
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Table A-3. (Continued)

Production
Map Location (metric tons

Country City Latitude Longitude x 1000)

Spondon 52.26 N 1.25 W 100
Briston 52.52 N 1.05 E 50
Chesterfield 53.15 N 1.25 W 50
Stanlow/Ellesmere 53.17 N 2.52 W 300
Runcom 53.20 N 2.44 W 100
CardngtonJ
Warrington 53.26 N 2.24 W 650
Aintree 53.29 N 2.57 W 50
Stallingbourough 53.36 N 0.11 W 100
Scumthrope 53.36 N 0.38 W 100
Immingbam 53.37 N 0.14 W 300
Cleckheaton 53.44 N 1.43 W 50
Kingston Upon Hull 53.45 N 0.20 W 100
Heysham 54.02 N 2.54 W 300
Stavelly 54.04 N 1.26 W 150
Ravenscrar 54.24 N 0.30 W 50
Middlesbrough 54.35 N 1.14 W 600
Aycliffe 54.36 ~ 1.34 W 50
Hillhouse Uncertain Uncertain 300

Total: 635Q

Finland Helsinki 60.08 N 25.00 E 50
Turku 60.27 N 22.15 E 50

Total: 100

France Mont 42.49 N 0.26 E 150
Lannemezan 43.08 N 0.22 E 100
Saint-Menet 43.17 1'1 5.27 E 100
Pardies 43.22 1'1 0.34 W 300
Cite de Lavera 43.23 N 5.02 E 450
Lacq 43.25 N 0.37 W 300
Berre I' Etang 43.27 N 5.05 E 300
Toulouse 43.37 N 1.26 E 50
Saint-Auban 44.17 N 5.25 E 50
Le Peage 44.29 N 5.02 E 100
Le Point-de-Claix 45.07 N 5.42 E 50
Brignoud 45.15 N 5.54 E 100
Saint Fons 45.42 N 4.51 E 100
Fe~zin 45.40 N 4.51 E 500
Balan 45.50 N 5.05 E 200
Montlucon 43.20 N 2.36 E IOu
Besancon 47.14 N 6.02 E 100
DODges 17.19 N 2.04 W 50
Saint Nabord 48.03 N 6.35 E 50
Bezons 4d.56 N 2.12 E 50
Sarralbe 49.00 N 7.01 E 100
Carling 49.10 N 6.43 E 550

A-9



Table A-3. (Continued)

Voiume B

-- ----_._ ...._--._._---_._-... _-_._-_._.-

Country City
__ ~at!._Loc~..!ion ._
Latitude Longitude

Production
(metric tons

x lUUU)

--_._-----
Marienay 49.11 N 6.52 E 50
Villers 49. HI N 0.00 100
Ebange 49.19 N 6.08 E 50
Port Jerome 49.28 N 0.32 ~~ flOO
Gonfrev\lle L' Orcher 49.30 N 0.14 E qUO
Chauny 4b.37 :\I 3.14 E 100
Tavaux 49.44 N 3.55 E :WO
Tertry 49.51 N 3.04 E SO
Saint-Laurent·- Blangy 50.18 N 2.48 E 50
Vendrin/Drocourt 50.23 N 2.55 E 50
Mazingarbe 50.28 N 2.42 E 50
Coquelles 50.56 N 1.48 E FlO

ToJal: 615Q

Gennany
(East), DR Leuna 51.19N 12.01 E JOO

Schokopau 51.24 N 11.59 E 200
Bi tterfeld F1.37 N 12.19E 100
Guben 51.57 N 14.43 E 50
Erkner 52.25 N 13.45 E 50
Schwedt 53.04 N 14.17 E 200

Total: 900

Gennany
(West), FR Rheinfelden 47.34 N 7.48 E 100

Waldshut 47.37 N 8.13 E 50
Rheinburg 47.42 N 8.44 E 100
Bremen 47.44 N 9.56 E 100
Oberhausen 47.47 N 11.08 E 50
Homber~ 47.52 N 8.55 E 100
Hessen 47.54 N 10.18 E 50
Amberg 47.56 N 9.39 E 50
HochstiKelsterbach 47.57 N 8.16 E 1100
Neumunster 47.58 N 11.50 E 50
Freihurg im Breis 48.00 N 'i.51 E 50
Ahlen/Kamen 48.08 N 9.39 E 100
Burgl13usen 48.10 N 12.50 E 600
Munchen 48.42 N 13.2B E 50
Hurth 48.56 N 10.56 E 50
Srebach 49.13 N 7.02 E 100
Ostringen 49.13 N 8.43 E 50
Saarbrucken 49.14 N 7.00 E 100
Rorschach 49.15 N 8.07 E +
Ludwigshafen 49.29 N 8.27 E 2100
Frankfurt 49.41 N 10.32 E 50

A--tO
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Table A-3. (Continued)

Production
Map Location (metric tons

COlUltry City Latitude Longitude x 1000)

Raunhein 50.01 N 8.27 E 5C
Grossauheim 50.06 N 8.57 E 50
Linz 50.34 N 7.18 E 50
Troisdorf 50.49 N 7.10 E 100
Kohlscheid 50.50 N 6.06 E 50
Wesseling 50.50 N 6.58 E 2600
Kalscheurem 50.53 N 6.54 E 300
Leverkusen/KoLn 5l.01 N f).59 E 450
Geisenki rchen 51.02 N 6.10 E 900
Donnagen 51.06 N 6.50 E 800
Holthausen 51.1:' N 8.20 E 50
Dusseldorf 51.13 N 6.46 E 150
Wuppertal 51.16 N 7.11 E 100
Recklinghausen 51.18N 8.02 f!: 50
Untrop 51.24 N 8.05 E 50
Bochum/Wanne-eickel 51.29 N 7.13 E 300
Kamp- Lint fort 51.30 N 6.32 F 50
Bottrop 51.31 N 6.55 E 50
DortmWld 51.31 N 7.27 E 250
Dinslaken 51.34 N 6.44 E 100
GladtJeck 51.37 N 9.57 E 300
Erkenschwick 51.38 N 7.15 E 50
Marl/Scholven 51.39 N 7.05 E 1200
Datteln 51.40 N 7.23 E 50
Drutte 52.09 N 10.27 E 50
Osnabruck 52.16 N 8.03 E 50
Heide 52.19 N e.58 E 150
Peine 52.19 N 10.14 E 50
Misburg 52.23 N 9.51 E 50
Ungen 52.32 N 7.19 E 50
Essen/Ai tenessen 52.42 N 7.55 E 100
Bremerhaven 53.33 N 8.3S E 50
Hamburg 53.33 N 10.00 E lEO
Lubeck 53.52 N 10.42 E 50
KolmJ Lulsdorf 54.21 N 10.27 E 300

Total: 14,150

Greece Athinai 38.00 N 23.44 E 50• Thessaloniki 40.38 N 22.58 E 50
Diavata 40.42 N 22.47 E 50

Total: 150

Hungary Szolnok 47.1C N 20.11 ~ 50
Total: 50
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Table A-3. (Continued)
,,--- _. __..._--_. .------ ---.------ -~----------- -~---

Production
Map Location (metric tons

Country City Latitude Longitude x 1(00)

_._-"-_..._---._-- - .__.,,--- _.--

Ireland Sligo 5-l.17 N 8.28 W so
Antrim 54.·lJ N 6.13 W f)O

'tot aElna------- -_ .._~--

Italy Ragusa 36.55 N 14.44 E :2.'iO
Gela 37.0-l N 14.15 E ISO •
Priolo Gargallo 37.0!) :'\J 15.11 E 200
Sarroch 39.0-l N 9.00 E iOO
Cagliari 39.13 N 9.07 E 100
Assemini 39.17 ''1/ 9.00 E 100
Sibari 39.45 N 16.27 E 500
Pisticcl/Ferrandina 40.23 N 16.33 E 150
Ferrandina 40.29 N 16.27 E 100
Brindisi -l0.3U N 17.56 E 550
Porto Torres 40.5,) N 8.24 E 900
Napoli -lO.EO N 14.15 E 100
Camcllo -l1.·n N 13.37 E 50
CoUeferro 41.44 N 12.59 E 50
Cesano 42.05 N 12.21 E 100
Tenli 42.34 N 12.37 E 100
Castezvecchio 42.53 N 13.01 E 50
Rosignano Solvay 43.23 N 10.26 E 200
Forli 44.13 N 12.03 E 50
Cengio 44.23 N 8.12 E 100
Raverma 4ol.25 N 12.12 E 450
Ferrara 44.50 N 11.35 E 500
Fidenza 44.52 N 10.03 F- 100
Trecenta 45.02 N 11.28 E 50
Mantova 45.09 N 10.ol8 E 100
Crespiatica 45.21 N 9.34 E 50
Padova 45.25 N 11.53 E 50
Ivrea 45.28 N 7.53 E 50
Marghera 45.28 N 12.14 E 1150
Rho/Milano 45.32 N !L02 E 250
Castellanzil 45.:P N 8.54 E 300
Mademo 45.:H3 N 10.35 E 100
Trieste 45.40 N 13.46 E 100
Bergamo 45.41 N 9.4:3 E 100
Trento 46.04 N 11.08 E 150

TQ.@L?400

Luxembourg Echternach 4\:1.49 N 0.25 E :>0
Total: 50----
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Table A-3. (Continued)

Production
Map Location (met ric tons

Country City Latitude Longitudp. )( 1000)

Netherlands Moerdijk 51.42 N 4.38 E 300
Pemis 51.54 N 4.23 E 600
Rozenburg 51.55 N 4.15 E 150
Rotterdam 51.55 N 4.29 F. 400
Europoort 51.59 N 4.06 E 500
Amhem G2.00 N 5.53 E 100
Uithoorn 52.14 N 4.50 E 100
Amsterdam 52.21 N 4!l4 E 600
ljuiden 52.23 N 4.38 E 50
Emmer- Compascuum 52.49 N 7.03 E 50

Total: 2850

Norway Heroya 62.18 ~.: 5.45 E 100
Mo 66.19 N 14.10 E 50

-Total: 150

POland Oswiecim 50.02 N 19.11 E 100
Plock 52.33 N 19.40 E 800
Gorzow Wielkopolski 52.42 N 15.12 E 50
Bydgoszcz 53.16 N 17.33 E 50
Blachownia Slaska Uncertain Uncertain 250

Total: 1250

Rumania Pitesti 44.51 N 24.51 E 400
Ploesti 44.57 N 26.01 E 100
Hunedoara 45.45 N 22.54 E 50
Fagaras 45.50 N 24.59 E 50
Copsa Mica 46.06 n 24.25 E 50
Turda 46.35 N 23.50 E 50
Piatra Neamt 46.53 N 26.23 E 50

Tota!: 750

Scotland Stevenson 55.39 N 4.45 W 300
Glasgow 55.53 N 4.15 W 50
Crangemouth 56.01 N 3.44 W 1250
Invergordon 57.42 N 4.10 W 300

Tc,tal: 1900

•
Spain San Roque 36.13 N 5.24 W 50

Huelva :37.15N 6.56 W 300
Sevilla 37.24N 5.59 W 100
Aviles 37.54 N 1.48 W 50
Puertollano 38.41 N 4.07 W 400
Castellon de

la Piana 39.59 N 0.02 W 50
Aicaia de Henares 40.29 N 3.22 W 50
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Tab:e A 3. (Continued)

Country City
'-LU)_ !,{)(,:,!!lll,m_. '_'

l.a t It \lei.- l.ongH uclp

VOlllllll- 'I

Pl'Odlll:tlOIl
11111~t riC ton!'>

, I (l()())

Spain

Sweden

Switzerland

L:SSR

Tarrangona
Barcelona
Zaragola
Still Celolll
Monzon
Porto
Sobrado
Sabinanigo
Miranda de Ebro
Andoain
Billbao
Mieres
Luchana/Ortuella
Torrelavega
Limpias
Santander

Malmo
Boras
Goteborg
Stenungsund
Nynashamn
Stockholm/Oxelosund
Karlstad

GI\1nO

Visp
Domat
Bru~~
Prat teln

Rustavi
Groznyy
Furyev
Novocherkilssk
Sv I!rdlovsk
Rubezhnoye
KaraRanda
Saratov/Engp.i·s
Voronelti
Mozyr
S turli talJILI k
Novokuybyshevsk
Yef'wrnov

A·-14

o1l.ll:' 1'\
o1l.:.!:1 \i
o1l.:IH \i
o1t .11 N
41.:1h N
42 .()l N
o12.1!1 N
42.31 N
42.41 N
43.1] N
43.15N
43.15N
43.17 N
43.21 N
43.22 N
·13.:.!H N

55.35 N
57.44 N
57.45 N
58.05 N
58.54 N
59.20 N
5~).24 N

46.15 N
46.18 N
4{j.51 N
47 :!l) N
47.:n N

11.1·\ N
-lJ.:.! 1 N
47.()H N
47.2~ N
~H.O~ N
4~1.0 I N
4~1. 56 i'.l
51.30 N
:11.40 N
,S2.02 N
f):1.l14 N
5:1.1Jli N
f)].()H N

I. Ll E
:1..111':
0.53 W
2.ZQ E
0.12 E
H.3~ W
7.14 W
0.2:2 W
2.:>7 W
:Ull W
2.:lH W
f"Hi W
2.:>U \V
-l.U] W
3.25 W
:L,Hi W

n.oo E
12.55 E
12.UU E
11.55 E
17.55 E
18.95 E
13.32 E

9.09 E
7.53 E
~L28 E
H.I:.I E
7.42 E

4fl.lU E
4:>.·\2 E
51.f>!J E
40.05 E
]!).] 7 E
3H.n E
TI.11 E
,j[J.:):> E
:I!l. 1:1 E
2!1.1U E
55.5Q E
,\!}. flO E
:IH.OH E

\lll)

hll
fIll
;l()

fIll
SO
fIll
flD

1511
fl()
GO
f)()

[)()

150
~lO

lOa
'Iqt at~ ;W()()

fJ()

5U
50

450
iill

150
5U--- _._,.- . - --_.

Total: 85U--- ' .._.

flO
f>O
50
50
50

tc)'taF- T5'o--,------ -

fl()
IO()

;)(1
:J()

:)U
50
:10

\lID
'i II
:)()
;) (l

;')()

!Ill
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Table A··3. (Continued)
-~_._-~_.-- '. --------- ---- ---~-_.. _-- ---_ ..- ~-'--- --_.~--_...... , --_•.... -._-,.,

Production
..~~ap LO~~!L__ (metl'lc tons

COWltry City Latitude Longitude x 1000)
---'--_.--_..•.... .~ ~"~---. -----_.._. -'_._---- --'---- _._-_.~... -.--.._-.--

Bamaul 53.12 N B3.50 E 50
Salavat 53.22 N 55.50 F. 50
Stay ropollTolya Hi 53,32 N 49.24 E 100
Sterlitamak 53,40 N 55.59 E 50
Dzerzhinsk 53,41 N 27.08 E 100
Novomoskovsk 5·l,()6 N 38.15 F: 50
Tula 54,11 N ]7.38 F. :\00
Ufa/Salavat 54.45 N 55.58 F- 150
0'1"<;' 55.UO N 7:1.22 F. 50
l\' Ii> 0 ~i bi rsk 55.04 N 83.00 E 50
Polo tl.: k 55.30 N 28.43 E 200
Kazan 55.45 N 49.10 E 400
Volzhsk 55.51 N 48.22 F. 50
Krasnoyarsk 56.10 N 93.00 E 50
Yaroslavl 57.:~4 N 39.h2 E 50
Leningrad 59.35 N 30.25 E tOO
Not indicated Uncertain Uncertain 1600

--;'hital: 4150

Wales Barry 51.24 N 3.18 W 300
Port Talbot 51.36 N 3.47 W 50
Swansea 51. 38 N 3.57 W 50
Pontypool 51. 43 N 3.02 W 300
Milford Haven 51. 44 N 5.02 W 300
Llanwnen 52.06 N 4.09 W 100
Rallbon 52.59 N 3.02 W 50
Hawarden 53.11 N 3.02 W 50
Baglan Bay Uncertain Uncertain 400

Total: 1600-----
Yugoslavia Skopje 42.0U N 21.29 f: 100

Leskoval 42.11 N 20.44 F- 50
Prizren 42. t:i N :W.45 E 50
Corazde 42.52 N 19. 50 ~: 50
Vitkovice 42,58 N 20.33 F 50
Zenica 43.18 N 19.21 E 50
Lukavac 4:\.:13 N 21.16 t~ 100

I Teslic 44.37 N 17.52 E 50
Kastel Sucurac 45.27 N 13.39 E 50
Zagreb 45.48 N ltLUO E 100
Moste 16.12N 14.33 E 50

'Tot"81:700-----
.._---- -_._._~------._.__._.•.•. _-_._--_._._- _ _._..__ -_ ~----_ ---.._. ----
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Tithlt! A .1. (lrHillIic (:h"iI\icill Pl'lIduct IlIlI 1:"111." ... : :\lil,\ I

Cowltry

( :hillil

India

Japan

Pl'Ilduc t Illll

M ilp I.oc it t IIJ1l til 11'1 I'll: lOll ...
Island Ldy I.dtltudp 1.()1l~1 I IIdl' \ 11)( III I

Tan yUillI :~H. :1:1 N 1II.Iti E :.11
Shallg hill I 1 . I \ '\J I ~ 1. ~;) 1< :.11
LUI chou )Ii .lJ 1 N I() I. ,I [I I: I (I( 1
T'ill yuall L',:,ll E II~ ..HJ E :llJ

101 al: ~il()

Tulibrin H.IH ~ 711.10 E :III
~.it~t luI' II.:, \ N 7:'. ;11 r: :III
Madras II (L, :'oJ Ill). I B r: I :,()
VI sha kit pit I na I \ I I~' .·L~ N Ii.l.:~ I I,; I (II)
Thana/Bom bay I

Harwell
Tromhay IH.!Jti N 7~.;1 I E 7(H)

Chembur I!l.m N 7~. ~4 E 50
Haroda 11.I!lN 7].1·1 E 1:\00
Calcutta 22.J5 N B8.21 1-: 50
()ur~apur :!4. ·17 N ~7.H E IlIU
Kota 25. II N 75.[")H E 50
Bareilly 28,20 N 7!l.24 E 150

tolar 2750_._._..,---- -_.- .- ._-

Hokkaido Muroran 42.18 N 140,56 E 100
Tonatsu 43.1U N 141.54 E 50
Shiga 44.06 N 143.28 E 100

Honshu Ube :U.56 N }]1.16E 50
Honshu Rofu :14.04 N 1]1.:\4 E 100

Toku}/anw :~4.c)4 N IJ1.4BE qOU
Iwakuwi/Otake .\4.10 N Li2.10 E 4f10
Nishiki J4.12 N 1111.24 E 100
Wakayami :14.14 N I \["1.10 f·; 50
Mihara :j·L24 N LU.06 E 50
Sakal :14.:\·\ N 135.2H E HOD
UkayamCl :l4.·W N 1.\:\.54 E 100
Takasago :l4. ·ll N t:i4.48 E 100
Arnagaski/Suil a '\4.42 N l:JfI.28 E flO
Hirohata :H.IB N U4.J8 E flO
Ilirnc)i/Befu J4.:)ON t:i4.42 E HOO
l Ji I :l·L~4 N t:ifl.48 E I ()O
()kazakl Alchl 34.fJ8 N 1:\7.10 E ISO
Yokkaichi :i5.(J(J N 1:W. 40 E B:1O
Mishimii :lfi.(Hi N 1:18.56 E :10
Nagoya :lS.OS N ':\b.:lli E :lOO
KalTld Kuki J!1. 18 N J!).:\4 E ;-)0
( )funa .ib.:W N I :l!l.12 E JOO
Ichihara j;l.~(j N t:i4. :Ilj E 100

AllJ
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Table A-4. (Continued).
----_.,--_.- _.••._-_._- .. _._.. , •...- --

~- .---._.-.- -------" ---_. ---"------'--

Production
____~i!.P--.kQcii t io..!!.-_ (metric tons

COUlltry Island City Latit ....de Longitude x 1000)
---_._~~-.--------~~.__.- ---_._--,~-~-------..- --'- - _.--------- --- -"._-,--_._--_.~._---._---_._.__._--,-- -,---

Yokahama and
Kawasaki 35.28 N 139.28 E 3300

GQi/ Anegasaki/
Sodegaura 35.30 N 140.06 E 1400

Chiba :15.36 N 140.08 E 1400
Tokyo :15.40 N 139.46 E 100
Yoshiba 35.40 N 140.28 E 100
Kashima :15.58 N 140.38 E 700
Mizushima 36.28 N 136.32 E 850
Takaoka 36.44 N 137.00 E 300
Uozu 36.48 N 137.24 E 100
Naoetsu/Omi 37.10 N 138,14 E 150
Shibukawa 37.38 N 140,28 E 50
Niigata 37.56 N 139.04 E 300
Sakata 38.55 N 139.51 E 50
Akita 39.42 N 140.08 E 100
Kurosaki 40.00 N 141.56 E 150
Osaka 40.36 N 141.14 E 250

Kyushu Minamata 32.12 N 130,24 E 100
Nobeoka 32.34 N 131.40 E 50
Omuta 33.02 N 130,28 E 150
K,Kumoto/Oita/

Tsuraki 33.14 N 131.36 E 100
Shikoku Matsuyama 33.50 N 132.46 E 100

Ohe/Niihama 33.58 N 133,16 E 400
Tokushima 34.04 N 134,34 E 100

Uncertain Takeo 33.12 N 130.00 E 100
Tsurusaki 33.14 N 131. 42 E 300
Toba ta/Wakama tsu 33.54 N 130.50 E 400

Total: 16,650

Malaysia Singapore 1.20 N 103.50 ~~ 50
(Smgapore) Chita-Hanto Uncertain Uncertain 50

Total: 100----
Pakistan, Ea'it Chandraghona 22.27 N 92.09 E 50
(Bangladesh) Total~iQ

•
Pakistan, Karachi 24.51 N 6?02 E 50
West Lyallpur J 1.25 N 73.U9 E 50

Total: 100-----

Philhpine Islands Bataan 14.23 N 12O.J(j E 50
TotaC"5o-----
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Tahle A-4. (C()n~lIllwd).

\'OIUlllt' 'j

Country Island City
_ _~tdjl Lcu:. ~ t U)f !__ _

I.a t IlUdf~ l.ongl t Udf~

I J rodw .tU)ll

11111' I ne t()fl~

I( I ()( H))

South Korea

Taiwan

Thailand

Ulsan
Taegu
Anyang- III

Inch on
Soul

Kao-Hsiung
Miao-Li
Chl- Lung
Tou-Fen

Bangkok/K rung
Thep

Sa thi:iI1i Don Chai

-\5. ,I:!. \l
J5.~J:.! \J
.\7.~.\ \j
_17_'W N
17.\2 \l

22.:\1\ "'oJ

24 ,J.! \l
2~.10 N
Uncertain

13.-44 N
IA.OO N

1:!.!1. 2 I I·:
12!Llb r:
121i.55 F
l~tdB E
In.OU E

120.17 I-:
12U.4H L
121.4JE
Uncertain

lOU.30 E
lOU.Oti E

IOU
:l(l
:Jll

lOll
1(1)

T()~id: (iOlJ

\ :Jll
50
50

IOU
Total: 550

50
+

Total:--50

-------------------------------------._------------------ ----- -------.-- -- ----- ------ ------

+ Data Wlavailable.
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Table A-5. Organic Chemical Production Centers: Latin America 1

Production
Map Location (metris tons

Cowttry City Latitude Longitude x 1000)

----_.
Argentma San Joaquin 31.57 S 58.42 W 50

Rio Tercero 32.15 S 64.08 W 150
San Lorenzo 32.45 S 60.45 W 550
San Nicolas 33.25 8 60.15 W :wo
Mercedes 33.418 65.28 W 50
Zarate 34.078 59.00 W 400
Campana 34.10 S 59.55 W 100
Pilar 34.288 54.48 W 100
Rawson 34.34 S 60.05 W +
Ensenadal Jose

Hernandez 34.508 57.54 W 50
La Plata 34.52 S 57.55 W 50
Bahia Blanca 38.45 S 62.15 W 400
Moron 41.08 S 63.22 W 50

Total: 2250

Brazil Caxias 4.53 S 43.20 W 100
Recife 8.06 S 34.53 W 100
Maceio 9.34 S 35.47 W 100
Camacari 12.44 S 38.16 W 300
Candeias 20.44 S 45.18 W 50
Rio de Janeiro 22.53 8 43.17 W 100
JW1diai 23.10 S 46.54 W 50
~'ao Paulol

Santo Andre 23.33 S 46.39 W 200
Cubatao 23.53 S 46.26 W 600
PiassClguera/Santos 23.56 8 46.22 W 100
Capua\'a 24.00 S 48.00 W 700

Total: 2400

Chile San Vicente 34.27 S 71.05 W 100
Concepcion 36.50 S 73.03 W 10Q

Total: 200

Colombia Cali 3.24 N 76.30 W 50
Bogota 4.38 N 74.05 W 50
Zula 4.5:7 N 75.28 W :wo
Medellin 6.1E> N '75.36 W 100

• Barrancabermeja 7.06 N 73.54 W 200
Cartagena/Marnonal 10.24 N 75.33 W lSQ

Total: 850

Dormmcan San Juan 18.49 !'I 71.12 W 100
Republic Total: 100

A -19



Table A-·~. (Continued)

Country City
_.. _ Ma1!J~()~;~~li9!1. _
I.li tit ude Longi t udp

VlJ!UIIW !)

Production
lmet ric lOlls

'( 10001

\.1fJxico Minatitlar
Curt za Coalclls
San Chri~,tobal

Cuernav/ica
PUf~hla

Tlaxcah
Toluca
Mexico (;1 t~·

Poza Ricu
Salamanca
Irapudto
Mad.~ro

Monterrey

Peru Paramonga
Lima

Puerto Rico Guayama
Ponce
Penuelas
Arecibo
Guayannila

UJ1Jguay Montevideo

Venezuela Valencia
Caracas

+ Data unavailable.

A-20

17.;1l)\I 94.n W .150
1h. :0 N 94.25 W 50
18.:2:1 N ~l5.H W 50
1H.S'7 N ml.15 W 50
11}.0:1 N l)B.lO W 100
19.20N !l8.!2 W 50
19.:':lJ N !Hl.·.O W flO
I!L~:j ~ 99.10 W 250
20.:1-1 \l 97.:26 W -lOa

20.H N 101.12 W 2110
:W.-lO N lOl.·W W 50
22.19 N 97.50W 150
25.·H) N 100.20 W ;)0

l\iIiL. I-H9]

10.-t2 S 77.50 W SO
12.0{j S 77 .03 W 50t<?t af~--1-00

18.00 N 66.07 W 350
18.01 N 66.36 W 50
18.03 N 66.43 W 750
18.29 N H6.44 W 100
Uncertain Uncertain 600

Tota['·18S0

34.55 ~ 56,10 W ,50
~rotal:_ 59

10.14 N ti7.59 W 100
10,JS N 66.56 W 50

Total: 150------

I
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Table A-6. Major oil refineries worldwide, excluding USA and Canada (capacities as of
January, 1982).a

•

Region

Latin America

Middle East

Far East
and Japan

Europe

Crude capacity
Count 1')' City (b/cd)b

Argentina Ensenada 216,000
Brazil Paulinia, Sao Paulo 325,700
Brazil Duque de Caxiasl Rio de JaneIro 256,900
Mexico Cadereyta 235,000
Mexico Cangrejera 200,000
Mexico Salamanila 200,000
Venezuela Amuay Bay 639,000
Venezuela Candon 325,2 1.0

Bahrain Awali 250,000
Iran Tehran 210,000
Iran Esfahan 200,000
Kuwait Mena AI-Ahmadi 250,000
Saudi Arabia Ras Tanura 415,000

Japan Chiba 661,000c
Japan Yokkaichi 491,00Od
Japan Mi~ushima 478,200d
Japan Negishi 330,000
South Korea Yosu 355,000
South Korea Ulsan 265,000
Taiwan Kaohsiung 425,000

Austria Schwechat 244,000
Belgium Antwerpen 321,400
Finland Porvoo 243,000
France Berre L' Etang 210,000
France La Mede 200,000
France L' Dreher 454,000
France Petit Couronne 382,000
Italy T~ecate, Novara 215,OiJO
Italy Sicily 505,000
Italy Siracusa 481,200d
Italy Sarroch 360,000
Italy Ravenna 240,000
Italy Burgondi 230,000
Italy Melilli 220,000
Netherlands Pernis 790,OOOd
Portugal Sines 225,000
Spain Sornorrostro, Vizcaya 240,000
Spain Cartagena, Marcia 220,000
Sweden Brofjorden- Lysekil 220,000
Uni ted Kingdom Fawley 294,000
United Kingdom Stanlow 250,000
Uni ted Kingdom Isle of Grain 211,000
West Germany Geilsenkirchen 207,000
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Table A-B. (Continued)

----------- - ------------------- -------------

Region

Caribbean
Islands and
\\' es t Indies

Count i.)'

Bah&mas
Netherlands

Antilles

Netherlands
Antilles
Trinidad

Chy

Freeport

Aruba

Curacao
Pointp.a- Pierr(~

Crude capacity
lb/cd)b

500,000

420,000

362.000
356,000

--------_._-.----- - ---_._-- ---
a

Fl'Om Ref. 2.

h Crude capacity of ;WO,OOO bled (barrels per caltmdar day) and over.

c Represents a total of three refineries.

d Represents a total of two refineries,

A -22
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APPENDIX B

MAJOR FOOD PRODUCING AREAS WORLDWIDE: GENERAL AGRICULTURE

AND RICE PRODUCTION

Maps indicating the major food-producing areas in the geographic regions considered

possible theaters of operation for military persormel are presented in this appendix. Major

food-producing areas are the most likely locations for elevated levels of pesticides to

occur in water supplies. Both general agricultural areas and rice-producing regions are

shown on the figures. Lindane is the pesticide frequently used for rice production. We

Hote, however, that lindane use may vary greatly according to the cultural practices used

to grow rice.

B-1



o Major agricultural area

Volume 9

• Major rice-producing area

o~

35° S+---~---..,.--,---,..-_~~:::=~......... .--__-..-----J
20

0
W

Figure 8-1. Major agricultural and flce-producing areas in Africa. Based on lnfonnatioll
in Refs. 1 and 2.
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D Major agricultural area

Voiume 9

• Major rice-producing area

o

55" N .

(),

35° N .t----..r-....--,..--".-.--r-' --...-;----"':=,-01....--.1...--"7""'"'---...,...-.-..1..-....

1S"W

•

Figure 0-:3. Major agrIcultural and rice-producing areas U1
on l(1fonnation in Refs. 1 and ~.
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D Major agricultural area • Major tice·producing area

20 0 N'

•
10 0 N

0°

10°8

• 20°5 I J
45 uE 65°E 85°E '05°E

Figure B-4. Major agricultural and rice-producmg areas in ASIIl. Based on illfonnation ll'\

Ref.... 1 and 4..
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o Major agricultural area
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• Major rlca-prooucing area

•

F'igure 8-5, Malor agricultural and nCe-f)roducing areas in Lat.in America. Ba.f\ed on
mfonnahon m Refs. 1 and 2.
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APPENDIX C

GRAPHS SHOWING THE RISK OF ILLNESS FOR MILlTAR Y

POPULATIONS CONSUMING FIELD WATER CONTAINING

WATERBORNE iNFECTIOUS ORGANISMS OF MILITARY CONCERN

Waterborne infectious organisms of military concer.1 in the field water of doveloped

and develop'ng countries were evaluated in Volume 5 in terms of their risk of l.~ll~illg

illness in exposed populations of up to 20 military personnel. 1 These evaluations wprp,

perfonned with the risk-assessment model described in Volume 5 for conditions considered

representative for field-water consumption in high-risk and low-risk situations. Risk

curves for assessing the probability that a fraction of the exposed military population

could become ill were constructed from this analysis. We emphasize that the l'isk curves

contained in this appendix were based on generalized assumptions and data. which are

descr'.bed ill detail in Volume 5. Improved risk curves directly applicable to identified

sources of field water can be derived by using the risk-assessment model in Volume 5 with

measured values of the concentrations of specific infectious organisms.

The j'isk curves appearmg in this appendix (Figs. C-1 tr 'Ough C-11) were adapted

from Figs. .L1, 13 through 18, and 20 through 23 of Volume o. These adapted versions of

the figures from Volume 5 facilitate interpretation. For eXiiIllple, in Fig. C-l (adapted

from Fig. 11 in Volume 5) there is a 50% probability (Le., level of risk) that more than 8%

of the exposed military population could become ill from exposure to Shigella spp. in the

treated (i.e., 2- to 5··1og removal, which corresponds to 99 to 99.999% treatment

efficiency) field water of developed countries.

This is how the risk curves were derived from those in Volume 5. For each of the

previously mentioned figures i.n Volume 5, the fraction of ill troops was converted to a

percentage ill for plotting on the X-axis (insteau ;:·f the V-axis), and the corresponding

cumulative probabtlity was comerted to a level 0' risk in unItS of percent for plotting on

the Y-·axis (instead of the X··axis). The percentage ill was calculated as the fraction :II

multiplied by 100. The level of risk In WIits of percent was equal to one minus the

cumulative probahili ty. which was then multiplied by 100.
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Figure C-1 (adapted from Fig. 11 in Vol. 5). CllfTlulative-risk curves showing effed of
treatment efficiency. organism-concentration parameters, and volume of water consumed
on the risk of becoming ill as a consequence of consumption of ~higella spp. lfl drmkm~
water. Each curve was determinelj usmg (1) n - :W troops and til - dbease symptoms;
(2) an exponential dose-response relationship; (3) a geometnc mean (Gml of 100 org/L and
a geometrIc standard deviation (GSD) of 50 was lIsed for orgamsm concentrations In

developed COWl tries. and a GM ... 1000 and a GSD - flOO was Ul~ed for Or)(anlSrn
concentrations 10 developing cOWltries; and (41 treatment effiCiency (~4UlValent to no
treatment was used for construr;tln~ the hi~hrisk curve ,Uld a treatment tdflcwncy ran~w

'Jf 2- to 5-log relllovals was used for constr'J(;tlng both ~ow-r1sk curves
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figure C-2 (adapted from Fig, 13 in Vol. 5). Cumulative-risk curves ~howing effect of
treatment efficiency on the risk of becoming ill as a consequence of COOSl\mption of Yibrio
chol~~~~ El Tor In drmkmg water. Each curve was detenllllled using (1) n - 20 troops and
111 ; di~ease symptoms: (2) ~ logistic dose-response relationship; (3) a dose distribution
wIth GM .. 32 orgarusnl!!i/L and a GSD. 15; and (4) treatment efficiency equivalent to
either n,} Ut;atment lfl high-risk curve, or 2·· to 5-10g removals at the low-risk point,
which If''plJes that no troops will be affected.



Volume ~j

100 .-----r---. ~--II---r----.------,----,

----

Low risk
(developing countries)

-
Low rlsk- - - -_

(developed counlrlH)

..... .... ........ ....... .... ... --- --

'" '" ....
'" .....

20 -,,,,
O

I 'L..---~--'~.n--~---f.I~--...I.----:f:.1~--.l...-__....L_----'_-~'
C ~ ~ 60 80 100

Percent III from Clmpyloblcter

80

;;_ 60
.lIl:
eft
i:-o
'i
:.
~ 40

t
Figure C-3 (adapted from Fig. 14 In Vol. 5). Cumulative-risk cUI'\Ies showing effect of
change in treatment efficiency and organism-concentratwn parameters on the risk of
becoming ill as a consequence of consumption of Campylobacter In drinking water. Each
curve was determined USlfig (1) n .. 20 troops and 1ll • disease symptoms; (2, a lognoonal
dose-response relationship. However, the GM of the organism concentratiOns for
developed countries was 100 organisms/I. with a GSD '" 50. for developlnR countries, the
GM _ 300 organisms/L with a GSD. 150. A treatment effi<';lency equivalent to 110

treatment was used for the high--rH.k CUI'\Ie, and a treatment dfir;lt~ncy equlvaltmt to:!. to
S -log removals was used for botb low fisk curves.
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, Figure C-4 ( idapted from Fig. 15 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment efficiency and organism-concentration parameters on the risk of
becoming ill as a consequence of consumptiOn of Escherichic\ coli in drinking water. Each
curve was detennined LlS.mg (1) n .. 20 troops and ill .. disease symptoms and (2) a
lognonnal dose-response relationship. However, a concentratlOns distnbution with a
GM z 2.000 organisms/L and a GSD .. ? was used for developed countries. and the
concentration distribution with a the GM .. 20,000 organisms/I. and a GSO .. 35 was used
for developing cOWltries. A treatment efficiency equival,mt to no treatment was used for
the high-risk curve. and a treatment efficiency equivalent to 2- to 5-log removals was
used for both low- risk curves.
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Figure C -5 (adapted from Fig. 16 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment efficiencIes and organism-concentration parameters on the risk of
becoming ill as a consequence of consumption of Salmonella spp. in drinking wa ter. Each
curve WCiS detennined wsing (1) n • lO troops and ill. disease symptoms. and (2) an
exponential dose-response relationship. However, d CC!10mtratlOns dlstnbutlOn wIth a
GM - 172 organisms/L and a GSD. 99 was used for developed countries, and the
concentratIOn distribution with a the GM • 221 organisms/L and a GSD - 100 was used for
developmg countries. A treatment efficifmcy equIvalent to no treatment was used fOl' the
high-fisk curve, and a treatment t::l'ficienc;y equIvalent to 2·· to 5-loM removals was used
for both lOW-fisk curves.
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• Figure C-6 (adapted from Fig. 16 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment efficiencies and organism-concentration parameters on the risk of
becoming ill as a consequence of consumption of Salmonella !.YEh! in drinking water. Each
curve was detennined using (1) n - 20 troop!> and 111 - disease symptoms. and (2) ~ loglstic
dose-response relationship. However. a concentratlons distribution with a
GM - 172 organisms/L and a GSD - 99 was used for developed countries. and a
concentration distrIbution with a the GM - 221 organlsms/L and a GSD - 100 was usea for
developing countries. A treatment efficiency equivalent to no treatment was used for the
high-risk curve. and a treatment efficiency equivalent to 2- to 5-l()~ removals was used
for both low-nsk curvc-s.
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Figure C-7 (adapted from Fig. 18 in Vol. 5, and considered marl': reasonable than results in
Fig. A-6. based on existing incidence of typhoid fever). Cumulative-risk curves showing
effect of change in treatment efficif:ncies and organism-concentration parameters on the
risk of becoming ill as a consequence of consumption of Salmonella ~ In drinking
water. Each curve was determined using (l) n - 20 troops and ill - disease symptoms. (2) a
logistic dose-response relationship; (3) a concentration distribution with a
GM - 17 organisms/L and a GSD - 9; and (4) treatment efficiency equivalent to no
treatment for the high-risk curve and 2- to 5-log removals for low-risk curves.
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:'igure C-8 (adapted from Fig. 20 in Vol. 5). Cumulative-risk curves showing effect of
shange in treatment efficiencies and orgdIlism-concentration parameters on the risk of
l~acommg ill as a consequence of consumption of Yersil!!~ spp. in drinking water. Each
CJrve was detennined using (1) n .. 20 truops and ill - disease symptoms. and (2) a
lognormal dose-response relationshIp. However. a concentrations distribution with a
GM '" 1.000rganisms/L and a GSD .. 50 was used for developed counti.'ies, and a
concentration distribution with a the GM • 1000 organisms/L and a GSD .. 500 was used for
developing countries. A treatment efficiency equivalent to no treatment was used for the
high-risk curve. and a treatment efficiency equivalent to 2- to 5-log removals was used
for both low-risk curves.
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Figure C-9 (adapted from fig. 21 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment efficiencies and organism-concentration parameters on the risk of
becoming ill as a consequence of consumption of enteroviruses in drinkinR water. The
curve were detennined usinR (1) n .. 20 troops and ill • disease symptoms: (2) a lognonnal
dose-response relationship; 13) a dose distribution with a GM. 113 orRanlsms/L and a
GSD .. 3; (4) treatment efficiency equivalent to no treatment In the high-risk curve and 2­
to 5-Log removals in both low- risk curves.
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Figure C-IO (adapted from Fig. 22 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment efficlencies and organism-concentration parameters on the risk of
becoming ill as a consequence of consumption of Entamoeba histolytica in drinking water.
The curve were determined using (1) n - 20 troops and ill ~ disease symptoms. and (2) an
exponential dose-response relationshIp. However. a concentration distribution wIth a
GM ~ 13 organisms/L and a GSD .. 7 was used for developed countries, and a concentration
distribution with a GM .. 146 and a GSD • 73 was used for the low-risk curve in developing
countries. A treatment efficiency equiv6lent to no treatment was used for high-risk
curve. and i:l treatment efficiency equivalent to 2- to 5-108 removals was used for both
low-risk curves.
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Figure C-ll (adapted from Fig. 21 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment effi.ciencies and organism-concentration parameters on tht nsk of
becoming ill as a. consequence of consumption of Giardia lamblia in drinking water. The
curve were detennined using (1) n • 20 troops and Ill .. disease symptoms; (2) an
exponential dose-response relationship; (3) a concentration distribution with a
GM • 100 organisms/L and a GSD. 50; (4) treatment efficiency equivalent to no
treatment in the high-risk curve and 2- to 5-10g removals in both lO~'-risk curves.
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