UCRL--21008~Vo0l.9
AD

DE88 013814 UCRL-21008 Vol. 9

Evaluation of Military Field-Water Quality

Volumic 9. Data for Assessing Health Risks in Potential
Theaters of Operation for U. S. Military Forces

Jeftrey 1. 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 Officer: S. A. Schaub

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

Approved for public release; distribution unlimited

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



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government  Neither the United States Government nor any ageincy thereof, nor any of their
employees, makes any warranty, express of wmplied, or assumes any legal liability or responsi-
bality for the accuracy. completeness, or usefulness of any information, apparatus, product, or
process disclosed, ur represents that its use would not mfringe privately owned rights. Refer-
ence herein to any specific commercial product, process, of service by trade name, trademark,
manufacturer, or otherwise does not necessanly constitute ur imply its endorsement, recom-
mendation, or favoring by the United Stales Government or any agency thereol The views
and opinions of authors capressed herein do not necessurily state >r reflect those of the
United States Government or any agency thereof,



v

LNCLASS Fi ED

[
REPORT DOCUMENTATION PAGE OB No' 0704 0108
‘a REPORT SEC_A "7 [ Ay r (AT CN B OFTERTACT L AARE AGY
yNCLASSiFlED eeaea
Ja SECLRITY C_ASSF LA™ CY AL =Ry 1 387353 ash cad Tr JF AFBORT
""" i . Approved for aublic release
.‘B.'D.EE':ASSI‘ CAT QN - DOWNGRAD NG SC~EDu .t distribution inl imited
& FERFCAMING Z70AaN JA° 2N IEPCAT & _BEALS, S OMONTIRNG JRGANZATON REACAT N LVEER S
UCRL-21008 vet,. 9 ] =---- :
83 NAME OF PERFORM NG DRGANIZATCN &n ZFECE SYMBOL 3 NvVAME CF MON TOUNG JRGANZATON
Lawrence Livermgre National 1 apoucavie) U.S. Army Biogedical Research and
Laboratcry Development L.'boratory
8c ADOAESS City. Stete and ZiP Code) Ty ADDRESS .City Sta.w and /P Code)
Environmental Sciences Division ATTN: SGRD-UEZ-C
P.0. Box 5507 (L-453) Fort Detrick {BLDG. 568}
Livermore, CA 94550-0617 Frederick, MG 21701-5010
80 NAME OF FUNDING SPONSORING 8s JFFCE SYMAOL 3 PROCLREMENT NST 'UMENT (DENTFICATON NUMBER
ONGANIZATION |j, S, Army Medical {1 appircatie) . -
Research and Development Command Army Project (rder 8PPZ817
B ADOAESS (Cify. State. and ZIP Code) 0 SOUACE OF FUNDIE G NUMBIAS
. PROGRAM PRO.‘IE! Tasx wWORK UNiT
;gr;r?e:m;; 217015012 ELEMENT NO | NO NO ACCESSION NO
edrick, 61102A 611128511 AA 096

T1 TITLE (imclude Securrty Classihcation)

EVALUATION OF MILITARY FIELD-WATER QUALITY, Volume §,

Data for Assessing Health Risks in Potential Theaters of Operition for U.S, Military Forces
[T PERTONAL AUTHOR()
J.l. Daniels and D.W. Layton {Editors)

[T7a TYPE OF RIPOAT 138 VIME COVERED 16 DATE OF REFSAT (Y sar, Moath, Day) 18 PAGE COUN
Final smom _8-85  ro 2.88 February 1988 208
16 SUPPLEMENTARY NOTATION
17 COSATI CODES 18 SUBIECT TERMS (Continue on reverse f o cessary snd xduerhfy Dy SIock Aumber)
FIELD GROUP SUB-GROUP Health risks; physical, chemi:al, and biological
24 o7 field-water quality; military theaters of operation:
Ut il

WCM"M on reverse if necessacy and idertify by block number)

Data are presented in this volume for assessing the healty risks in populations of
military personnel that could result as a consequence of exposure to field waters containing
constituents or infectious organisms of military concern, whicn are from natural and
anthropogenic sources, at levels 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} chioride, (3) megnesium, {4) suifate,.

(5) arsenic, (6) cyanide, (7) the pesticide }indane, and (8) 'ietabolites of algae and
associated bacteria. ~Bacteria, viruses, and parasites (e.g., prutozoa and helminths) are
tategories of water-related infectious organisms that are of ailitary 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 OISTRIBUTION /AVAILABILITY OF ABSTRACT 21 ABSTRACT SECU ITY CLASSIFICATION
D UNCLASSFIECUNLIMITED ] SAME AS APT ] onc usEns UNCLASSI FIES
220 NAME QF RESPONSIOLE INDIVIOUAL f!L FHO vde Ares Code) |1 FHCE SYMBOL
Mary Frances Bostian ’.‘1 'ﬁ% géR%-R“I-S
QOO0 Form 1473, JUN 84 Previous eartions are obsoiet. SECUMTY CLASSIFICATION QF THIS PAGE |
UNCLASSIFIED

TR yTip . Hk
WTI0N 07 Turg apriinrys - " MiTED



i

_NCLASSIFLED
R ASSki

AT - A

of a particular constituent 1n field water. The general physical, chemical, 4rg Drategd 3

quality of field waters in Qeographic regions worlcwide, representing potentiil *hnoater
3f cperation for U3, military forces, also are evaluated. "Mis analysis 15 nasea on
ivariable water-gualizy momitoring data and ndicaters of likely water-quairt, «ngis:rs
.#.3., geohydralegy, climate, sanitation, industrializetion, etc.). Accompanying our
evaluation are maps ana tables alerting wilitary planners and risk managers to tne
orysical, cnemical, or birological gualrty of field water that can be expected generiliy
1n geographic regrons of concern.

This report 1$ the last volume ot 3 nine-voiume study entitled tvaluation of ¥ istary

Field-Water Guality. 7rtles of the other volumes are as fullows: Vol. I, Executtve
uummggz, vol. 2, Constituents of M131ta[) Concern from Natural and Anthrgpogenic Sources,
Yol. 3, Opporrunaty Poiscns,; Vol. 4, Health Criteria and Recommendat$ons for Standirds;
Mo?. 5. Infectious Organisms of M1‘1tary Concern Associated with Lonsumption:

Assessment of Health Risks, and Recommendations for Establishing Related Stardards,

vol. b, Infectious Organisms of Miifitary Concern Associated with Nonconsumptive Txposure:
Assessment of Health Risks, and Recommendations for Establishing Related Standards,

vol. 7, Performance tvaluation of the 600-GPH Reverse Osmosis Water Purification dnit
{KOWPL;: Reverse (smosis [RO) Components; and Vol. 8, Performance of Mobile Water
farification unit  (MWPU) and Pretreatment Components of the 600-GPH Reverse 0smosis
water Purification Umit (ROWPU) and Consideration of Reverse Osmosis (RC] Bypass,
Potable Water Disinfection, and Water-Quality Analysis lechniques.

GRC A TY CRPUFCAT G UF ey JAGE

UNCLASSIFIED

-



Volume 4
FOREWORD

This report is the last volume of a nine-volume study entitled Evaluation of Military
tield-Water Quality. Titles of the other volumes are as follows: Vol. 1, Executive
Summary: Vol. 2, Constituents of Military Concern from Natural and Anthropogenic
Sources; Vol. 3. Opportunity Poisons: Vol. 4, Health Criteria and Recommendations for
Standards: Vol 5, Infectious Organisms of Military Concern  Associated with

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

Standards; Vol, 6, Infectious Organisms of Military Concern Associated with
Nonconsumptive Exposure: Assessment of Health Risks, and Recommendations for
Establishing Related Standards: Vol. 7. Performance Evaluation of the 600-GPH Reverse
Osmaosis Water Purification Unit (ROWPU): Reverse Osmaosis (R0O) Components; and
Vol. 8, Performance of Mobile Water Purification Unit {(MWPU) and Pretreatment
Components of the 600-GPH Reverse Osmosis Water Purification Unit (ROWPU) and
Consideration of Reverse (smosis (RO) Bypass, Potable-Water Disinfection, and
Water-Quality Analysis Technigues.

As indicated by the titles listed above, the nine volumes of this study contain a
comprehensive assessment 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
University of California campuses located in Berkeley (UCB) and Davis (UCT), CA: the
University of lllinois campus in Champaign-Urbana, IL; and the consult’ ~ rfirms of IWG
Corporation in San Diego, CA, and V.]. Cicrone & Associates (V]JCA), Inc., in Woodbridge,
VA. Additionally a Department of Defense (DoD) Multiservice Steering Group (MSG),
consisting of hoth military and civilian representatives from the Armed Forces of the
United 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
Zuidance, and critical reviews to the researchers. The reports addressing chemical,
radiological, and biological constituents of field-water supplies were also reviewed by
sciemists at Oak Ridge National Laboratory in Qak Ridge, TN, at the request of the U.S.
Army. Furthermore, personnel at several research laboratories, military installations, and
agencies of the U.S, Army and the other Armed Forces provided technical assistance and
information te the researchers on topics relaied to field water and the U.S, military
cominunity.
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EVALUATION OF MILITARY FIELD-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 hszalth risks in populations of
military personnel that could result as a consequence of exposure to field waters
containing constituents or infeutious organisms of military concern, which are from
natural and anthropogenic sources, at levels above those recommended as
field-water-quality standards (i.e., above safe levels). Turbidity and color are the physical
properties that are of military concem 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 concemn., Figures
were developed from dose-response data to enable military risk managers to quickly assess
the potential performance-degrading effects in personnel exposed to a measured
concentration of a particular constituent in field water. The general physical, chemical,
and biological 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 on available water-quality monitoring data and indicators of likely water-quality
conditions (e.g., gechydrology, 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
|.I. Daniels* and D.W. Lay on*

The chemical substances, infectious organisns, and physical properties of
field-water supplies that could directly or indirectly ciwse performance-degrading health
effects to military personnel were identified in the three parts of Volume 2, and in
Volumes 5 and 6 of this study.lh5 Turbidity and color .ire the physical prperties of field
water of military concermn. Field water chemical constituents 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 ang, associated bacteria. Bacteria,
viruses, and parasites (e.g., protozoa and helminths) aie categories of water-related
infectious organisms that could be hazardous to the military. Volumes 4, 5, and 6 of this
report present the health-effects criteria and recommentations for field-water-quality
standards applicable to these physical properties, chemicil substances, and infectious
org"mis‘.rm..4"6 The recommended field-water-iuality stancards were derived to protect
populations of military personnel against perforriance-degrading health effects that could
jeopardize the accomplishment of malitary missions. Tiws, concentrations of the
aforementioned chemical substances and infectious orga isms at or below those
recommended as field-water-quality standards can be consider:'d safe levels.

In this volume we present criteria for assessing the health risks for populations of
military personnel exposed to field water with the physical properties. chemical
substances, or infectious organisms of military concern at concentrations exceeding safe
levels. These criteria were developed from the dose-response relationships for physical
properties. chemical substances, and infectious organiems described in Volumes 4
through 6. Figures that summarize the toxicity data are presented to enable military risk
managers to quickly assess the potential performance-degrading effects that a measured
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, Livermore, CA 94550.

1-1
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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.). Accompanying this evaluation are maps and tables alerting military planners to the
cherical or biological quality of water supplies (i.e., ground and surface waters) that are
indicative of major geographic regions such as (1) Africa, (2} the Middle Fast, (1) Furope
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 inonitoring water quality especially in these areas.

In summary, the purpose of this volume is to provide mil'tary planners and risk
managers with two types of information for assessing the relationsip between field-water
quality and the accomplishment of military objectives. The first type of information
consists of health-effects summaries for evaluating the potential impact that measured
levels of the physical properties, chemical substances, and infectious organisms of military
concem in field water might have on the performance of exposed military personnel. The
second type of information describes the quality of field water generally expected in
geographic regions worldwide and is essential for (1) anticipating water-treatment and
monitoring capabilities needed for a particular region, and (2) estimating the possible
performance-degrading health risks that could result from the absence or failure of those
capabilities. Additionally, important locations that lack meaningful field-water-quality
monitoring data are identified to indicate the need for monitoring water quality especially
in these areas.
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CHAPTER 2. HEALTH RISKS ASSOCIATED WITH PHYSICAL PROPERTIES
AND CHEMICALS OF MILITARY CONCERN IN FIELD WATER
].I. Daniels,* L.B. Gratt.t M. Lyon,f and B, Perry.r

Turbidity and color are the physical properties of field water that can be of military
concern, Total dissolved solids (TDS), magnesium (Mg+2]. sulfate [SOZZ}. arsenic (As),
cyanide (CN7), and the pesticide lindane [common name for the gamma-isomer of
1,2,3,4,5,6-hexachlorocyclohexane (HCHj), are among the chemicals that can be of
military concem in field water. As mentioned in Chapter 1 of this volume, these physical
properties and chemicals can be of military concern in field water because they were
identified as those that could be present at hign enough concentrations to cause
performance-degrading health effects in exposed military persornel. Thus criteria and
recormmendations for field-water-quality standards have been developed for these physical
properties and chemicels. These criteria and standards are applicable to military
personnel consuming up to 5 or 15 L/d of field water for exposure periods up to either 7 d
or 1y. Levels of these physical properties and chemicals at or below those recommended
as field-water-quality standards can be considered safe.

In this chapter we identify the safe levels for each of the previously menticnea
substances ir field water and present data for assessing the health risks for military
personnel drinking water containing concentrations of these substances that are above
recommended levels. These data are summarized in figures that are visual guides for
quickly assessing the relationship between the concentration of a particular substance of
concern in field water and the correspondinig health risks for military personnel as a
function 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 mic:roorgzmisms.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 Sciences Division, Lawrence Livermore National l.aboratory, University
of California, Livermore, CA 94550.

¥ 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.' The term "true
color,” in water treatment practice, means the color of water remaining after the
turbidity has been removed. The term “apparent color” includes color resulting from
substances in solution as well as suspended materials. The color of water with low
turbidity is basically the same as that of clear water.

. urbidity measurements derived by nephelometry (determining 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 determining the turbidity and color
content of water.1 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 Concem Assgciated With Natural and
Anthropogenic Sources) of Volume 4 (Health Criteria _and Recommendations for
Standau‘ds]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 consumnption rate, including ones of 5 and 15 L/d. 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 water consumption
rates of both 5 and 15 L./d. These color levels do not signify any health risks, and although
they are noticeable, they should be tolerated by military populations.

The recommendations just mentioned 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 performance in exposed military personnel.
However, turbidity composed of organic material can also decrease disinfection efficiency
(i.e., the organic material increases chlorine 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 material 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 higher than that which would ordinarily be expected. For these reasons, turbidity
and color are accepted generally as aesthetic 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 particularly, where large
volumes of water must be consumed to replace sweat losses, military personnel who refuse
to drink field water or reduce their consumption of it would be susceptible t: dehydration,
which could result in performance degradation. The actual debilitating effects of
dehydration, descrited by Adolph et a_l.,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 a_l.5 state that intense thirst is
experienced over the first two days of water deprivation; weakness and confusion occur
during the third day of abstention, and death results within approximately 10 days.

As discussed in the second chapter of Part 1 of Volume 4, Harris® performed a study
designed to systematically relate combinations of turbidity, color, and odor values in
drinking water to the percentage (from O to 100) of the public accepting the water, He
obtained acceptability ratings for 125 water samples containing different combinations of
color, odor, and turbidity from three different consumer populations {i.e., consumers of
bottled water, unfiltered tapwater, and filtered tapwater). In assessing a sample the
respondent observed and smeiled the sample, then indicated the degree to which he or she
could accept the water by selecting the appropriate rating on the action-tendency (i.e.,
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-tendency scale.
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Table 1. Action-tendency scale for rating water on the basis of color, turbidity, and odor,

Rating Statement
1 I would be very happy to accept this water as my everyday drinking water.
2 1 would be happy to accept this water as my everyday drinking water.
3 I am sure that [ could accept this water as my everyday drinking water.
4 I could accept this water as my everyday drinking water.
5 Maybe I could accept this water as my everyday drinking water.

General Population

] I don't think I could accept this water as my everyday drinking water.
Military Population

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

8 I could never drink this water,

From our analysis of Harris'56 data we derived the following multipie regression
equation:

A = 86 - 0.5(C) - 1(T) - 0.1(S) , (1)
where

A = percentage of public rating water acceptable,
C = color units,

T = nephelometric turbidity units (NTU), and

S = threshold odor number (TON).

The derivation of this equaticn i1 explained in Part 1 of Volume 4.
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We can adapt this equation to describe the response of military populations in the
following manner. 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 performed 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% (i.e., multiplied by 1,15)
for 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 (S).. (2)

Note that even if color, turbidity, and odor were absent there might still be a small
background of individuals who would reject the water (i.e., 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 156
color units for short-term (¢ 7-d) or long-term (< 1-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 water 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 disinfection efficiency for most pathogenic microorganisms
(Giardia and Ccypinsporidium are nutable exceptions) and minimize the percentage of a
military poupulation that would find the appearance of water to be objectionable,
Additionally, a TGN of up to three is considered by the U.S. Environmental Protection
Agency ta be acceptable to most of the general population.7 and therefare it should be
acceptable to military populations as well.

"MP = 100 - 1.15 (86 - 0.5[C] - 1{T] - 0.1(S])
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Table 2. Predicted water rejection for military populations based on turbidity; color and
odor are considered to be absent.

Percentage of a military population

Turbidity (NTU) finding water unacceptable?
lb 2
5 7
10 13
15 18
20 24
25 30
30 36
35 41
40 47
45 53
50 59

8 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

long-term (< 1-y) exposure periods and any consumption rate, including ones of 5 and
15 L/d

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
troops 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 "Significam' is conungent 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 visual 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 presented 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
ahove recommended safe levels.
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Table 3. Predicied water rejection for military populations based on celor; turbidity is
fixed at 1 NTU and odor is consideied to be absent.

Percentage of military population

Color {color unit) finding water unacceptabled

3b 4
6

7

12 9
15° 11
20 14
30 20
40 25
50d 31
60 37

8 Determined using Eq. 2: MP - 1.1 + 0.575 (C) + 1.15 (T} + 0.115 (5).

b Color level indicated by the U.S. Envircnmentzl Portection Agency’ to be undetectable
by many individuals in the general population. “lso, the general population would be more
likely to complain about color if it changes rapidly, rather than remaining high constantly.

C Field-water-quality standard recormmended for color for long-term exposure (¢ 1 y) for
any consumption rate, includings ones of 5 and 15 L/d. 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 volor for short-term exposure (< 7 d)
for any consumption rate, includings ones of 5 and 15 L/d. 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
scales), which attempt to quantify behavioral responses to stimuli. The actual debilitating
effecis of dehydration progress in sequence, including discomfort, weariness, apathy,
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either infection or dehydration

2 For any combination of color, turbidity. and odor values:
MP = 1.1 + 0.575(C) + 1.15(T) + 0.115(S), 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 (S) 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 (i.e., appearance), the

recommended field-water-quality standard for both short- and long-term exposure is
applicable to any consumption rate, including ones of 5 and 15 L/d.

Figure 1. Health-effects summary for turbidity with color absent (i.e., zero) and a
threshold odor nuinber (TON) equal to three.
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impaired coordinatio:., 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. Turbid waters are also aesthetically inferior, which can lead
to decreased water consumption and possible dehydration. Color levels greater than 50
color units for short-term exposure and exceeding 15 color units for long-term exposure
can also increase the risk of dehydration in the members of a military population, but
these color levels are not associated directly with any adverse health effects. Thus,
limiting turbidity to 1 NTU and color tu either 50 color units for short-term exposures or
15 color units for long-teim exposures will diminish 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 microorganisins {Giardia and Cryptosporidium, which can
cause 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 inorganic and organic substances constitute
the filterable residue content of water. The concentration of filterable residue is
expressed commonly as milligrams per liter {mg/L) of total dissclved 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.g The principal cations constituting TDS
are calcium (Ca+2). magnesium (Mg’z]. potassium (K+}. and sodium (Na+); the chief anions
are bicarbonate (HCOE), carbonate (8052), chloride (Cl ), sulfate (80;2). and in ground
waters, nitrate (NOS].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.m

Worldwide distribution of water with high TDS 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., sedimentarv rocks formed from the deposition of precipitates of evaporating
lakes, oceans, etc.).
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Figure 2. Health-effects summary for color with turbidity absent (i.e., zera) and a
threshold odor number (TONj equal to three,
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FOOTNOTES FOR FIGURE 2. Health-etfects Summary for Color with Turbidity Absent
and a TON Equal to Three.

8 For any cembination of color, tucbidity, and odor values:
MP = 1.1+ 0.575(C)) + 1.15(T) + (1.115(5), where MP = percent of military population that
might refuse to drink field water and thereby become susceptible to the performance
degrading effects nf dehydration; C = color units: T = nephelometric turbidity units (NTU);
and S = threshold odor number (TON). Estimates presented are computed on the basis of
zero turbidity (T) and o 1IN (8) of three.

b porformance degradation results from decreased tolerance to color level in drinking
water and subsequent dehydration,

€ Because color is an organoleptic property of water (i.e,, appearance) the
recommended field-water-quality standards are applicable to any consumption rate,
including ones of 5 and 15 L./d.

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

© 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 nat be detectable to many individuals.
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The TDS concentration of drinking water commonly ranges from levels below
500 mg/L to amounts exceeding 2000 ing/l.. Seawater is considered to be the typical
worst-case challenge for military reverse osmosis water purification equipment because of
its high TDS concentration (approximately 35,000 mg/L).

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, a military field-water-quality standard for TDS of 1000 mg/L.
is recommended. This recommendation is applicable to both short-term (<7 day} and
iong-term (<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 TDS can lead indirectly to
degraded performance in exposed military 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 water and the possibility of
laxative effects. These twc categorizas of health risks are summarized next.

The primary problemn 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 be

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

2

As mentioned in the section concerning turbidity and color, decreased
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,
{3) muscle weakness, (4) apathy, (5) impaired coordination, (6) delirium, and (7} heat
stroke.

The laxative effect of high TDS concentrations may he produced because the
osmotic pressure in the intestinal tract 1s high enough to prevent absorption of water
through the intestinal wall. The large volume of fluid retained in the intestine increases
the motility of the smooth muscle lining the intestinal wall and this heips to flush the
large intestine, ! 314 However, the laxative effects of elevated TDS levels may actually
be due to the action of specific mns.l‘r’ such as of Mg'2 and S()42, which are addressed
later in this volume, and nat necessarily from the collective effect of all constituents of
TDS. As discussed in Volume 4 of this study, the relationship between TDS concentration

and laxative effects is confounded even more by evidence that TDS levels exceeding
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2000 mg/L can be tolerated without any 1ill effects if populations are acclimated to such
concentrations, Therefore, the principal problem of a high TDS concentration in field
water is considered to be its effect on taste.

In order to define the relationship between TDS and field-water acceptability, the
technique and data of Bruveld and ()ngerth11 were employed. These researchers examined
taste panel responses to California water supplies made on an action-tendency (AT) scale.
Such scales are used to measure behavioral response. By extrapolating from this analysis,
we predict 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 personne! to dehydration and related performance- degrading
health effects. Specifically, the information presented in this figure allows the
percentage of a population of military personnel potentially at risk of suffering from
dehydration to be estimated for concentrations of TDS 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 might refuse to drink ithe water.

TS concentratinn Proportion of military population
in fieid water that might refuse to drink the water
{mg/L) (%)
1000% 2.1
1500 6.9
1800 (]
2200 25
2800 h0)

A4 Recommended field-water quality standard for exposure periods of up to cither 7 d
orly.
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3 Determined using the z-score equation for Action-Tendency ratmgs, and a table of
values for the standard normal 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 concem {i.e.., affect taste), the recommended field-water-quality
standard for both short- and long-term exposures is applicable to any consumption rate,
including ones of 5 and 15 L/d.

¢ Symptoms of dehydration may include weariness, apathy, impaired coordination,
delirnnum, and heat stroke.

Figure 3. Health-effects summary for total dissolved solids (TDS).
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Conclusions

Health effects related to concentrations of TDS above the recommended standards
in field-water center on the risk of dehydration caused by water rejection. Dehydration if
not treated, can resu!t in performance degradation. The relationship between TDS
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 TDS standard of 1000 mg/L and thereby be at risk of
dehydration. Moreover, at a TDS concentration above 2800 mg/L about 50% of the
exposed military populatior might refuse to drink the water.

CHLORIDE

The chloride anion {also denoted Cl) is a constituent of virtually all natural waters,
and it contributes to the total dissolved solids {TDS) content of these waters.z‘m'16
Typically, brine and seawater contain high TDS concentrations that are composed
primarily of chloride anions (about 556% of TDS by weight) and sodium cations (about 30%
of TDS by weight). In comparison, the TDS concentration in fresh water is much lower and
the chloride anion constitutes a smaller proportion of this TDS 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 inciude (1) drainage from mineral
deposits; (2) seawater intrusion or the deposition of sea spray; (3) sewage contamination;
(4) runoff from agriculturil areas, and (5) effluent from industrial projects such as oil
wells, galvanizing plants, and paper planls.z’” Evaparite depasits such as halite (NaCl)
and sylvite(KCl) are the predominant sources for chloride in fresh water. 17

Recommended Field-Water-Quality Standards

The standard for chloride ion concentrdtion in field-water supplies recommended in
Part 1 of Volume 4 is 600 mg/l.. This recommended standard is applicable to both
short-term (<7 day) and long-term (<1 year) exposure periods. This recommendation is
hased on an assessment of how the objesctionable taste that can be imparted to field water
by the chloride ion can lead indirectly to degraded performance in exposed military
personnel.
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Health Risks

The health risks associated with elevated levels of chloride ion in field-water inciude
the possibility 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 water rejection based on taste, Bruw)ld18
conducted a study in which civilian panelists indicated whether or not they would accept
two solutions of NaCl 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/!l. NaCl) 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 wmer.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 empioyed the technique and data of Bruvold and Ongerth.11
These researchers examined taste panel responses to California water supplies made cn 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 (TDS). This assumption is based on the
fact that Na* and Cl™ ions are the predominant constituents of the TDS content of f.eld
water, particularly seawater, that has been processed through a reverse osmosis water
purification unit (ROWPU) to achieve potability.19 Thus, on the bazis of this assumption,
we employed a procedure similar to that used for TDS to describe the relationship between
the chloride concentration and the proportion of the military population that mnight 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
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Table 5. Comparison between chloride concentrations in field water and corresponding
proportions of a military population that may refuse to drink the water.

Chloride concentration Proportion of military population
in field waterd that may refuse to drink the
(mg/L) water (%)
600b 2.1
900 6.9
1000 11

4 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. Army field-water standard for chloride of 600 rng/L.20 the corresponding
percentage of the military population that would consider this water unacceptable for
consumption would be about 2%. Increasing the chloride concentration to 800 mg/L. means
that the proportion of military person»el 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 personne! 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
fliuds 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 osmotically. This osmotic effect increases 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,'? Cass?! reported
that a single oral dose of 0.5 L water containing 7.4 g/L of NaCl (4.5 g/L of Cl7) can
induce a laxative effect in humans. Such laxative effects may be sliminated in some cases
if a period of physiological adjustment to high-chloride water is permitted, or if water
that contains a low concentration of TDS is ingested soon after consumption of the
high-chloride water.??

Unfortunately, the previous data are insufficient to derive quantitatively a
no-effects threshold level and comprehensive dose-response relationship for the quantity
of chloride that would induce laxative effects, However. the evidence'®'%1'2¢ dges
suggest that military personnel will probably find the taste objectionable when chloride is
present 1n concentrations substantially less than those reported to cause laxative effects.
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A recent study by Kurtz and Morris?> suggested that hypertension in humans may be
related to dietary intake of salt (i.e., NaCl). Military populations, however, would have to
consume high levols of NaCl in field-water supplies for periods longer than one year and
have minimal sweat loss during the exposure period to experience any
performance-degrading symptoms related to hypertension.

Figure 4 is a visual guide for quickly assessing the impact of various levels of C!” on
the susceptibility of military personnel to dehydration and related performance-degrading
heaith effects. Specifically, the information presented in the figure allows the percentage
of a population of military personnel 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 might produce laxative effects at concentrations exceeding
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 producing
solutes such as magnesium and sulfate. Therefore, the solutes of military concem that
can produce laxative effects--chloride, magnesium, and sulfate--are all addressed
separately.

The health effects of greatest concemn for military populations exposed to elevated
concentrations of chlonde ion in field-water are not direct; rather, they are associated
with the dehydration of military personnel who reduced their consumption of field water
because of its poor taste. The effects of dehydration can resuit in significant performance
degradation. Ordy about 2% of a military population drinking water with the
recommended chloride standard of 600 mg/L wuuld be at risk of dehydration due to water
rejection; however, more than 10% might refuse to drink field water containing a chloride
concentration of 1000 mg/L.

MACNESIUM

Magnesium is one of the most abundant elements in the earth's crust, but because it
is so chemically active 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 Mg"z) and salts (except for the hydroxide) are highly
water soluble.?? Elevated levels of magnesium in field-water supplies generally can be
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or Field-water chloride of military population that
long-term (s1y) concentration might refuse to drink
exposure {mg/L) field water
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2 Determined using the z-score equation for Action-Tendency ratings, and a table of
values for the standard normal distribution (see Part 1 of Volume 4).3

b Estimates are made assuming chloride ion constitutes 80% of total dissolved solids
(TDS) concentration because sodium and chloride ions are considered to be the
predominant constituents of the TDS content of most field w:.cers, 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 concermn (i.e., affect taste), the recommended field-water-quality

standard for both short- and long-term exposures is applicable to any consumption rate,
including ones of 5 and 15 L/d.

€ Symptoms of dehydration may include 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 wath outcrops of rocks containing
soluble magnesium salts.

Magnesium salts are used commonly as laxatives and cathartics; in c¢linical medicine,
a dose of 40 meq (480 mg) is the recommended dose when a laxative effect is desired.!?
Futhermore, a single 15-g dose of epsom salts (M3504-7H20) will produce a cathartic
response including a semifluid or watery evacuation in 3 h or less.'* 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.?®

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 L/day. We also recommend a
standard for Mg+2 of 100 mg/L for a water consumption rate of 5 L/day. Both
recommended levels for Mg*z in water are applicable to exposure periods of up to either
7d or 1y because of the body's ability to achieve and maintain a 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

standaras 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.'? In addition, magnesium is associated with other
health effects, including hypermagnesemia, and it can have adverse effects on the
palatability of water.

The World Health Organization (WHQO) states that one possible undesirable effect of
water with high magnesium content is gastrointestinal irritation, especially in the
presence of sulfate.26 Additionally, drinking-water supplies high in magnesium have been
associated with elevated levels of laxative pt‘t:l::iems.”‘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 resuiting laxative effects might be sufficiently
dangerous to the soldier to be incapacitating. They could also be harmful before that
point by disrupting normal water balance and accelerating the process of dehydration. It
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is the degree of !axative effect that should be protected against to ensure no performance
degradation to a soldier.

The symptoms of hypermagnesemia (elevated plasma levels of magnesium) include
muscle weakness, hypotension, sedation, confusian, and respiratory paralysis:
electrocardiogram changes have also beea rf.',[;u:u.'ted.29‘30 No evidence was found to
indicate that large oral intakes of magmesium are harmful to people with normal renal
{kidney) function.2® Thus, toxic effects following oral administration of magnesium are
rare, attribuiable primarily to the body's zbility to sustain remarkably constant
serum-magnesium levels.>® However, one of the possible causes of reduced renal function
and the appearance of hypermagnesemia is dehyt:lraiicm.29

Palatability of drinking water is important to military personnel because an
objectionable taste could lead to voluntary dehydration, especially in a hot and arid
environment. 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 Jacceptability, 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 reported as having an objectionable taste is
affected by the anion with which it is associated.31"3% In addition to the concentration
and combination of ions, other variables such as acclimation and water temperature can

affect ti.e acceptability of a rmineralized we - 33,35,38 A wide range of difference exists
35,37

11

among individuals in subjective taste intensities reported for a given water, and in
concentrations that are assessed as acceptable for one's daily drinking water. Some
rough guidance as to the acceptahility of water containing magnesium salts can be found
in the report that water with 1000 mg/L of magnesium salts was rated as acceptable by a
group tasting the water even though they also reported that the taste .vas not good.32

Figure 5 is a visnal guide for quickly assessing the impact of inagnesium
concentration on performance-degrading heal.h effects in military personnel. The figure
shows that magnesium concentrations in field water above recomrnended safe levels can
increase the incidence of laxative effects and therefore the susceptibility of exposed
populations of military personnel to dehydration. Unfortunately, at levels of magnesium
above the recommended standards neither the proportion of the exposed population likely
to exhibit laxative effects, nor the severity of those effects, can be estimated from the
available data.
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Figure 5. Health-effects summary for magnesium.
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FOOTNOTES FOR FIGURE 5. Health-effects Summary for Magnesium.

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

b Based on a cathartic dose of 15 g o epsom salts (MgSO4+7H,0}, effects inciude

semifluid or watery evacuation in 3 h or less. Doses lower thgn 15 g produce laxative
effects with a longer 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 waming 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 dorly.
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Conclusions

The performance-degrading health effects stemming from elevated levels of
magnesium ion above the recommended standards for field-water sunplies center on the
risk of dehydration caused by acute laxative action. However, the relationship between
magnesium concentration in drinking water and such action is poorly documented except
for data conceming clinicai administration of magnesium ions in a saline laxative.

We recommend field-water-quality standards for 5 and 15 L/d consumption rates on
the basis of the single oral dose of magnesium ions reported to cause laxative effects in
fasted individuals when administered clinically as a saline laxative.’* This dose is 480 mg
and the equivalent field-water-quality standards for 5 and 15 L/d for Mg*z are 100 and
30 mg/L, respectively. Concentrations above these levels are considered to be associated
with increasing incidence of laxative effects, 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 1, 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 single toxic
dose of magnesium administered clinically as a laxative. This assumption was made
because the data needed to resclve this uncertainty 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 (SOZZ) is one of the major anions nccurring in virtually all natural
waanerez:‘8 and may be associated with a variety of different cations. Most inorganic
sulfates are quite soluble, with the exception of those of lead and barium. Sulfate ions can
be present in water that has been in contact with sulfur-bearing minerals or they can be
present as the result of several different human activities.

One of the most common sources of sulfate in field-water supplies is leaching of
sulfate salts from evaporite sedirnents comprised of the sulfates of scdium, magnesium, or
calc:ium.z'25 Metal sulfides (e.g., iron pyrite). common in ignecus or sedimentary rocks.
can be oxidized and can also contribute 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 in 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.?®

The ability of sulfate salts to cause laxative effects is well established: like
magnesium salts, they are widely prescribed as laxatives and cathartics. [n fact, sulfate
ions are administered clinically as saline laxatives and in fasted individuals single doses of
1490 mg of sulfate ion are cathartic.H

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, the recommended field-water-quality standards for sulfate
are 100 mg/L for a water-consumption rate of 15L/d and 300 mg/L for a
water-consumption rate of 5 L/d. These standards are applicable to exposure periods of
up to either 7d or 1y because no chronic effects have beer associated with sulfate
concentrations in drinking water. The recommended standards are the resuit of an
analysis of the available dose-response data concermng the laxative effects from ingestion
of sulfate ions.

Health Risks

The health risks related to the consumption of field water supplies that have high
sulfate concentrations center on the potentially performance 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
sweat losses because of the refusal to drink water with elevated levels of suifate.

A 15-g dose of epsom salt (MgSOQ-7H20) or Glauber s salt (NaZSO4-10H2()) will
produce a cathartic response, including a semifluid or watery evacuation in 3 h or less. !
Doses lower than 15 g produce a laxative effect with a ilonger latency perioc. For
example, a single 5-g dose of epsom sait or Glauber's salt (i.e., 1950- or 1490-mg dose of
sulfate ions, respectively) administered in dilute soclution to a fasting individual is reported
to produce "a significant laxative effect.”'? New users of a water supply high in sulfate
may report diarchea and a feeling of heaviness in the stomach.>®4C Tabie 6 contains
sulfate concentration: in drinking water that have been reported to cause laxative
effects. Multiplication of the range of sulfats levels from Table 6 (about 700 to
1000 mg/L) by a 2-L/d drinking-water consumption rate (typically associated with the
general public) vields a range of daily doses of sulfate (1400 to 2000 mg) comparable to the
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Table 6. Sulfate levelc in drinking water associated with increased incidence of laxative
effects.

Laxative concentration

(mg/L) Type of data Reference
720 Case report 28
»750 Survey 10
> 1000 Survey 41

range of single doses of sulfate already mentioned as being sufficient to cause laxative
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 exampie, calcium sulfate is reported to be much less
potent as a laxative than sodium sulfate or magnesium sulfate*?; and magnesium sulfate is
reported to be a better purgative than sodium sulfa!e.za This may result partly from
laxative properties of the cations themselves or from differences in the solubility products
of the selts.

Sulfate is one of the weakest anions with respect to its ability to elicit a taste
sensation.“‘aa'w Nonetheless, it is widely accepted that sulfates can contribute to the
undesirable taste of water with a high TDS content, In fact, this taste consideration is the
basis for most of the recommended standards for sulfates 1n drinking
water, 11/25:26,42,44.45 1,00 panels have been used to determine the levels of ions,
including sulfate, that have an objectionable tasts. For axample, the mean rating from a
panel that tasted water with 1000 mg/L. and 2000 mg/L of MgSO" indicated that both
concentrations could be accepted by a large portion of the panel as a daily drinking water
supply even though the taste was not go«od.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 objectinnable taste levels difficuit. For
example, acclimation is an important factor influencing the sulfate levels at which peaple
report an objectionable taste. Daily users of water high in sulfate {(and other i0ns)
apparently become accustomed to a taste that new or occasional consumers find close to
intolerable. ¥ Evidence that people adapt to the taste of water with high levels of sulfate
comes prnimarily from reports of regular use of drinking water supplies that have
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high 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 being consumed by residents of the avea without extensive physiological effects.>’
Also. there are reports of regularly used drinking-water supplies that have sulfate levels
ranging from 2000 mg/L"6 up to 4400 mg/L.'n

Figure 6 1s a visual guide for quickly assessing the impact of sulfate concentration on
performance-degrading health effects 1n military personnel. The figure shows that sulfate
concentrations in field water above recommended safe levels might increase the incideiice
of laxative effects and therefore the susceptibility of exposed papulations of military
personnel to dehydration. Unfortunately. at levels of sulfate above the recommended
standards, neither the proportion of the exposed military population affected by laxative
affects, rior the severity of those effects, can be estimated from the available data.

Conclusions

Health effects stemming 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 performance degradation. The relationship between
sulfate concentration in drinking water and laxative effects is pcorly documented, except
for data concemning clinical administration of sulfate ions in saline laxatives.

We recommend field-water-quality standards for sulfate based on the single oral
dose of sulfate jons reported to cause laxative effects in fasted individuals when
administered clinically as a saline laxative. This dose is 1490 mg and the equivalent
field-water-quality standards for SC);2 are 300 mg/L. and 100 mg/L for 5 and 15 L/d
consumption rates, respectively, and exposure periods up to either 7 d or t y. The actual
debilitating effects of dehydration include discomfort, weariness, apathy, iumpaired
coordination, delirium, and heat stroke.

As noted in Vol. 4, Part 1, a laxative administered clinically woulid be given 1n a
single dose, however, a laxative dose of sulfate consumed in repetitive drinks of water
over the course of a day might not exert the same response because of elimination from
the gastrointestinal tract. We assume that accumulated individual doses of sulfate
totaling a toxic dose at the end of a day would elicit the same response as a single toxic
dose because data are not available to resolve this uncertainty, Therefore, the standards
we recommend for sulfate might be conservative. As mentioned previously, synergisms
hetween laxative producing solutes such as chloride, magnesium, 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 Summary for Sulfate.

8 Symptoms of dehydration may include weariness, apathy, impaired cocrdination,
delirium, and heat stroke.

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

€ Recommended field-water-quality standard for sulfate-ion concentration for
indicated daily consumption rate and exposure pariods up to either 7 dorly.
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ARSENIC

Arsenic (As) is a semi-metallic element?’ that is capable of foerming numerous
different organic and inorganic compounds.48 many of which can be found in water. The
oxidation state of arsenic and the water solubilities of the various arsenic compounds
affect the toxicity of arsenic in drinking water. Solubility affects the likelihood that an
arsenic compound will be present in water and the extent to which it will be absorbed from
the gut."g

Trivalent arsenic or arsenite (As{lIl)) 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(lll), but a large fraction of the total arsenic may still be present as
As(I1l) because the rate of oxidation to As(V) is slow at neutral pH.SO

In addition to the inorganic forms of arsenic, several organic forms can exist in
water. These compounds include methylarsines, alkylchloroarsines., methylarsenic 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,
Durum et 5_1.51 found that 79% of 727 water samples taken from U.S. rivers and 'akes had
less than 0.01 mg/L of total arsenic; only 2% had levels exceeding 0.05 mg/L.

Arsenic can enter the water as the result of a vanety 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 Blua].52 Finally, waters can be
contaminated with arsenic from industries that use arsenic compounds; such as glass,
metallurgy, industrial chemicals manufacturing, pharmaceuticals, and elactronics. ‘8:52-34

Recommended Field-Water Quality Standards

As noted in Part 1 of Volume 4, animal studies suggest trivalent arsenic is more
toxic than the pentavalent form, However, a difference in potency between these two
forms of arsenic has not been shown in humans. Moreover, there is no evidence that the
human health effects produced by one form of arsenic could even be distinguished from
those produced by the other. In fact, human exposure data for ingestion of inorganic
arsenic generally include douses that are expressed only in terms of taotal inorganic arsenic,
For these reasons we recommmended standards for total inorganic arsenic in field water.
For daily water consumption of up to 15 L., the recormmmended arsenic standards are
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0.1 mg/L for an exposure period up to 7 d and 0.02 mg/L for an exposure period up to 1y.
For daily water consumption of up to 5 L, the recommended arsenic standards are
0.3 mg/L for an exposure period 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 ingestion of
inorganic arsenic depend on the form 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 several in
which the arsenic was consumed in dnnking water. Where exposuras 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 7 summarizes the doses and effects reported in several different cases 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 cases 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 7, the highest arsenic level rrported in water that is not
associated with any adverse health effects is 1 mg/L. According to Goudey.56 the people
in this study were exposed to drinking water containing 0.05 to 1.0 mg/L of arsenic. Thus,
this report suggests that people may be able to tolerate: levels of arsenic up to 1 mg/L for
short periods of time without serious effects.’® The third incident listed in Table 7 is a
report of severe arsenic poisoning caused by contaminated beer. Some of the affected
individuals may have consumed as little as 2 mg/d of arsenic; however, this is considered a
rough estimate because of difficulties in reconstructing the daily doses (this result is based
on a study reported in 1901),

In the fourth incident listed in Table 7, 417 people developed serious arsenic
poisoning after exposure to an estimated 3 mg/d from an accidental contamination of soy
sauce in ]apan.59 The average duration of exposure was estimated tc be 2 to 3 wk. The
primary symptoms exhibited by the affected individuals included facial edema (>80%) and
gastrointestinal 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 signs of neuropathy also
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Table 7. Relationship between dose of irorganic arsenic and health effects as reported in
several literature sources.

Daily dose of
total inorganic

arsenic Acute health Exposure
(mg) Source effects reported conditions Ref.
0.324 Drinking water No clinical or Long-term 38
(high-dose group) hematological exposured
abnormalities
0.1t02.0 Drinking water NO “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, consumption
nervous, and was ~1 tn
integumentary 8 L/d for
systems affected; several
some deaths months
~3 Contaminated soy  Digestive, 2- to 3-wk 59
sauce circulatory, exposure
narvous, 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

8 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 Taiwans“g. Eighty-five
percent of the residents in the study area had lived there for less than 10 y,35
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developed in about 20% of the affected cases.sg These effects would certainly interfere
with a soldier ‘s ability to perform 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 affected to the extent described. However, Holland's
comment, that a patient reacting to a daily dose of 3.8 mg of arsenic in the form of A5203

was an example of a sensitive individual, suggests that it would not be a large

percentage.ﬁo

A single oral dose of 20 mg is reported to produce severe acute
6

1 and 70 to 180 mg can result in human death.5?

Table 8 presents incidents of chronic heaith effects that resulted from exposure to
inorganic arsenic in drinking water and which weie reported in the literature. The
information contained in Table 8 suggests that chronic exposures above 0.40 mg/L cannot
be tolerated for prolonged periods without producing performance-degrading effects such

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

intoxication,

Additionally, cancer and some nervous disorders may develop long 2fter the period of
exposure has ended.”> In one case, a woman ingested larger than normal (~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 intoxication. Twelve years later she began to develop multiple skin carcinomas of
the type associated with arsenic (basai-cell carcinomas and squarmnous-cell caa‘cinomas).73

The first two studies in Table 8 found no increase in the incidence of skin ca.ncer65
or peripheral neumpathyas at mean total arsenic levels under 0.05 mg/L. Hindmarsh ¢t al.
examined 92 peaple in Nova Scotia who were using well water with more than 0.05 mg/L
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 abnormal 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 .40 mg/L) had an even higher prevalence of
clinical syrnptoms and abnormal 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 perform a complicated task such as driving a car,?4
The shortest exposure period for a person with abnormal EMG readings was 2 y,67 Thus, it
appears that a year of exposure to less than (.10 mg/L wouild not produce a
performance-degrading neuropathy. However, the delayed appearance of nervous system
problems, 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

Chronic health
effects reported

Exposure
period

Ref.

0.004 to0 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)

No increase in incidence
of skin cancer

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

Increase in arsenic
accurmulation in hair;
no specific illness

Abnormal clinical findings
in 16% of population, 10%
in controls; abnormal

EMGY in 17%, 0% controls

Abnormal clinical findings
in 40% of popujation;
abnormal EMGP 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,
respectively

Skin changes, respiratory
symptoms, cardiovascuiar
effects, gastrointestinal
symptoms
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Not
determined
>2 yd

Not stated

22yb

22 yb

Long termd

28 y®

Population
was using

contaminated

well for
~50y

15y

65

66

64

67

67

68

55

69

63,70

71
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Table 8. (Continued)

Arsenic level in Chronic health Exposure
drinking water effects reported period Ref.
0.80 mg/L average Skin changes, respiratory 12 y 83

symptoms, cardicvascular
effects, gastrointestinal
symp.oms; 12 y exposure

2 Two out of ilie 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.

Y The minimum time a patient with electromyographic (EMG} abnormalities had used a

well with high arsenic concentration was 2 y. Exposure period for otaer study subjects not
reported.

C Two "exposed” communities were studied. one with a mean amienic 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 Chile®3 and Taiwan345). Eighty-five
percent of the residents in the study area had lived there for less than 10 y.55

€ The shortest period of exposure after which lesions were detected was 8y for
hypopigmentation. Other skin symptoms had longer minimum exposure periods. No

exposure periods were reported for the appearance of nonspecific symptoms (e.g.,
gastrointestinal symptoms).

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

In another study, signs of arsenic intoxication were looked for in two "exposed”
groups of Utah residents: one with a mean total arsenic concentration of 0.18 mg/L in its
water supply and another with a mean concentration of 0.21 mg/l...68 No evidence was
found of arsenic intoxication in the form of statistically significant increases in the
prevalence of anemia, dermatological syrnptoms, or neurclogical symptoms in the exposed
groups. Southwick et al. did note among the exposed group, however, a slightly increased
proportion of people with a slowing of nerve condut:titm.68 A similar study in an Alaskan
commuruty that had been exposed to a slightly higher level of arsenic (0.22 mg/L) also
founu no evidence of anemia, dermatological symptoms, or neurological symptoms..55

The last four epidemiological studies in Table 8 document effects occurring when
levels of arsenic in water exceed 0.40 mg/L. [n 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
communities 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.n

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 lead to
an increased risk of performance-degrading health effects in exposed military personnel.
Consequently, the higher the arsenic concentration is above th» "~ level, the greater the
risk will be that many of the exposed military personnel will deveic, nptoms that can be
performance degrading or even lethal. Unfortunately, the pror : >n of the exposed
military population that could be affected by performance-degrao. . .ymptoms, at levels
of arsenic above the recommended standards, cannot be estimated fi 1 the available data.

Conclusions

Reports of human exposure to inorganic arsenic via ingestion include several in
which the arsenic was consumed in drinking water. Where exposures were high enough to
cause observable health effects, several different organ systems are affected, including
the circulatory, gastrointestinal, integumentary, nervous, hepatic, renal, and immune
systems. These effects could be performance-degrading.

While the literature suggests that people may be able to tolerate levels of arsenic in
drinking water approaching 1 mg/L for short p(mods.56 higher concentrations couid 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 neuropathy are among the chronic symptoms
that might also occur.?® 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 L/d consumption rates on a daily dose of

1.5 mg/d and for exposure periods up to 1y we based the standards on a daily dose of
0.32 mg/d.3
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a Concentration corresponding to an increasing risk of lethality was calculated based on
a single oral dose of 70 mg of arsenic.

b Symptoms of acute arsenic toxicity may include edema, nausea, vomiting, headache,
and abdominal pain.

C Characteristic symptoms of chronic arsenic toxicity include skin effects (pigmentation
changes, keratosis, and skin cancer), gastrointestinal problems, penpheral vascular
disease, and neurological changes.

d Recommended field-water-quality standard for indicated daily consumption rate and
exposure periods.

Figure 7. Health-effects summary for arsenic.
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CYANIDE

According to ]enks.75 the simplest inorganic cyanides are the cyanide salts,
including the commonly used industrial salts, NaCN, XCN, and Ca(CN),. These salts are
very soluble in water and are hydrolyzed to release free CN ions.7 77 Other simple
cyanide salts have varying solubilities in water.” Cyanide complexes can also form with
some of the metals. including iron, nickel. cobalt. zinc. silver. cadmium. and mercury. In
water, these complexes dissociate to different degrees and release metallocyanide anions,
which can dissociate further into the metals and cyanide ions.n”9 An example is the
ferrocyanide complex, which is relatively nontoxic and which slowly releases CN intc 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, tending to
form low toxicity complexes in water.’ 580,81

Chlorination of water that contains HCN results in the formation of the highly toxic
cyanogen chloride ((.‘.NCI).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 bumt 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 warmning against
cyanide poisoning.83

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 fish 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.z'?5 Coal carbonization for the production of coal
gas or in coke ovens generates large amounts of cyanide, which can reach water
supph‘es.az's? 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'a7

Fhotograph and blueprint duveloping may also be sources of cyanide ccntamination
for natural waters because they frequently use solutions of iron-cyanide complexes.?‘
Another industry with a potential to release cyanides into the environment i1s chemical
manufacturing, because cyanides are used in the production of dyes and pigments,
agricultural chemicals, plastics, pharmaceuticals, and several other pmducts.75 Cyanides
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and their derivatives are also used in agriculture and could enter water as pest fumigants,
herbicides {cyanunc chloride), and fertilizers (calcium cyanamxde),75’78

Microbial metabolism of nitrogenous compounds by bacteria. fungi, and algae can
also be responsible for the presence of cyanide in water.m'ao Microbial decomposition of
cyanide-containing plant material and domestic sewage ¢onstitutes a constant source of
cyanide for some bodies of water.a5 Levels attributed to these sources, however, are

much iower than those resulting from industrial or agricultural contamination.

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, field-water-quality standards for cyanide are recommended
tc be 2 mg/L for an assumed water-consumption rate of 15 L/d, and 6 mg/L for a 3-L/d
consumption rate. These recommended levels are applicable to exposure rates of up to
either 7 d or 1 y because there is no reason to expect that chronic health effects will
aprear in an acd- 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 pharmacokinetic model to estimate the concentrations of cyanide in
whole blood that can result from the consumption of cyanide-containing water.

Health Risks

Cyanide is known to cause acute health effects by blocking electron transport, thus
preventiiig the body from using oxygen. In addition, cyanide has been associated with a
few chronic conditions (e.g., neuropathies, goiter, and diabetes) in some susceptible
populations (e.g., those with dietary deficiencies, malnutrition, or hereditary sensitivity),
These chronic conditions may be relat. i to long-term exposure to low levels of cyanide.

The cyanide ion is detoxified rapidlv to thiocyanate (detoxification is mediated by
the enzyme ihodanese); therefore, the accumulation of an acutely toxic level of cyanide
will occur when the rate of dosing 2xceeds the rate of detoxification plus excretion. The
effects produced by an acute exposure to cyanide will be influenced strongly by the period
of time over which the dose is administered. Once a toxic concentration is accumulated,
the cyarude exerts its effects rapidly, acting as a chemical asphyxiant and preventing the
use of oxygen in cellular respiration. The nervous and respiratory systems are the first to
fail in severe cyanide poisoning.
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As mentioned previously, the major heaith effects associated with chronic exposure
to cyanide are neuropathies, goiter. and diabetes., The primary evidence linking these
conditions to cyanide are reports of high incidences of these diseases in regions of high
cyanide consumption, particularly regions of Africa and the Caribbean where the
cyanide-containing cassava root is the staple t"ood‘%"(‘;3 Also, reports have been made of
neuropathies and goiter developing in occupationally exposed pcn;mlation.ts.g"“95 Although.
these conditions appear toc occur in populations with dietary deficiencies or hereditary
sensitivities, they may have occurred as a result of repeatad acute anoxias caused hy
exposures to high levels of cyande,

Table 9 shows the relationship between cyanide ion concentration in drinking waier
and acute health effects. Symptoms of cyanide intoxication include headache,
breathlessness, weakness, palpitation, nausea, giddiness, and tremors, and these sympto.ns
are considered performance degrading. A one-compartment pharmacokinetic model that
is based on first-crder absorption and elimination was used to compute the doses of
cyanide that are used to estimate concentrations in drinking water for the different
consumption rates.”® This model is discussed in detail in Volume 4, along with the
parameters used to derive the concentrations presented in Table 9.

rigure 8 is a visual guide for quickly assessing the impact of cyanide concentrations
in field water on the performance of exposed military personnel. The figure shows that
cyanide concentrations in field water above recommended safe levels can lead to an
increased risk of performance-degrading health effects in exposed military personnel.
Consequently, the higher the cyanide concentration is above the safe level, the greater the
risk will be that many of the exposed military personnel will develop symptoms that can be
performance degrading or even lethal. Unfortunately, the proportion of the exposed
military population that could be affectied by performance-degrading symptoms, at levels

of cyanide above those recommended as standards, cannot be estimated from the available
data.

Conclusions

Exposure to cyanide in drinking water can lead to a variety of performance-
degrading health sffects. Once a toxic level has accumuiated in the biood. the cyanide
exer's its effects rapidly, acting as a chemical asphyxiant. The nervous and respir>tory
systems are the first to fail. Typical symptoms of acute exposure to cyanide include
headache, breathlessness, weakness, palpitation, nausea, giddiness. and tremors.
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Table 9. Cyanude in drinking water: dose-effect relationships.

Concentration in drinking water (mg/L]

5 L/d 15 L/d Health effects

0tob 0to2 No effects

6 to 12 2 to 4 Poussible changes in hloed chemistry,d
but no clinical effects likely

12 to 24 1to8 Detectable changes in hlood
chemistry.d but no chimcal effects
likely

24 to 48 8 to 16 Metabolic acidosis, with sgvere. but

reversible clinical symptoms

>38 >16 Life-threatening toxicity, with
increasing likelthood of death as
concentiations of cyanide increase

2 Changes appear in base deficit, oxygen content of mixed venous blood. ATP content,
and lactate pyruvate ratios.

b Typical symptoms of cyanide intoxication include headache, weakness, palpitation,
nausea, breathlessness, and tremors.

Concentrations of cyanide in field water that could produce toxic tevels in the blood
and lead to performance-degrading health effects in military personnel consuming up to &

or 15 L/d for pernods up to either 7 d or 1 y are estimated to be greater than 6 and 2 mg/L.
respectively.

THE PESTICIDE LINDANE

A great variety of pesticides are used worldwide. [n the screening analysis we
performed on pesticides in worldwide use, the basic conciusion was that while pesucide
contanunation 1s widespread, it 1s only rarely severe enough to threaten troop health."’
()f the many pesticides we examined {see Ref. 97 for details), lindane, a halogenated
hydrocarbon, appears tu have the greatest potential for being found at dangerous ievels in
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Short-term (g7d)
of long-term ( <1y) Short teim {<7d;
exposure and a or long-term (<1y)
consumption rate Field-water oxposure and a
olupto conceniration ol cyarude consumption rate of up to
5Ld (mg/L) 15 1/d
ti!a-mrutmnq 50 f
roxiCi
oxlcttT e |
40
Metabolic acidosis,
with sgvere, but
reversidle symptorns *
30 E
g lg
24
B :
Detectable changes 20
in blood chemistry, |
but no clinicai ettecs 18 T
| Melabolic acidosis,
12 with severe, but
Recommendad standard 10 reversible symptomss
tor up to §-Lud ’
consumption rate e Detectabie changes in blood
) A chiermistry, but no clinical sffects
Sale levels

2B Recommaended standard 1or
3 Sate Iovm! up t¢ 158-U/d consumption rate

a Symptoms af acute cyanide toxicity can include headache. weakness, palpitation,
nausea, giddiness, and tremors.

b Recommended field-water-quality standard for indicated daily concumption rate and
exposure perods up to either 7dor l y.,

Figure 8. Health-effects summary for cyande.
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finld water. This conclusion was based on data related to its use, production, occurence in
natural waters, and toxicity. As such, the health risks associated with lindane
contamination of drinking water are presented.

Lindane is the common name for the gamma-isomer of the chemical
1.2,3,4,5,6-hexachlorocycichexane (HCH). The gamma-isomer is the main insecticidal
component of the HCH mixturega'gg; technical-grade HCH contains approximately 13 to
14% of the gamma somer. This {raction is isclated to a high degree of purity during
pmduction.wo To be designated as “lindane,” it must have at least 99%
gamma»HCH.(‘m‘101

Lindane is known worldwide by several other names, Some of the most commonly
used names are Gamaphex, gamma-HCH, Gamma-BHC, Gammalin, Gammex, Isotox,
Lindafor. Lintox, Nexit, Novigam, Silvanol, Agromexit, Ganmimexane, Exagama., Forlin,
Gallogama, [nexit. Lindagam, Lindagrain, Lindagramox, Lindalo, Lindamul, Lindapoudre,
and Lindaterra, 28:102.103

Lindane is a colorless solid 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‘1°4 It is slightly soluble
in water, with reported solubilities of 7.3 to 10 ppm at 20 to 25°C, 12.0 ppm at 35°C, and
14.0 ppm at 45°C. %8103 14 hag an odor-detaction threshold of 12.0 ppm.105

Lindane is used widely as an agricultural and household insecticide, scabicide.
pediculicide, parasiticide. and in baits for rodent contmi.ga'me As an insecticide, it is
gffective against soil-dwelling and plant-eating insects found on fruit, rice, cereal,
vegetable, sugarcane, sugarbeet, oil seed, and cotton (.:nops.(‘m'mz‘107 As such, it is likely
to be encountered any piace 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.wa‘ma‘wg

Lindane is reported to be moderate! ' persistent in natural watsr, with a half-life of
6 to 25 wk.110 Biodegradation/biotransformation appears to be the most important
process involved in the degradation of lindane in the aquatic environment. '!!

Lindane has been found in a variety of waters throughout the world. Most of the
reported occurrencra were in samples of surface waters, primarily rivers. Levels
up to 2.0 ug/L have been detected occasionally in surface waters, but most monitored
concentrations of lindane are well below 1.0 ug/L. High concentrations {1920 ug/L) of
lindane were detected in rice-paddy water in lran’'? and in ~anal water in Germany
(7.1 ;.ng/l..).“3 However. concentrations at or near these levels have been measured only in

water near agricultural activities. Groundwater sampies from [srazl and Egypt contained
[
only low levels of lindane.”“'”"
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Lindane is believed to enter water systems via rainfall, runoff. leaching, direct
application for mosquito control, or from its use on n‘ce.mg'nz‘nﬁ'“? Because lindane
is adsorbed by upper soil layers, it does not appear that significant amounts of lindane
reach the water by runoff or lt:au:hing.llﬁ However, since lindane has been known to
persist in soil for 10 y or more (95% disappears in 3 to 10 y), the possibility of its presence
in a soil environment should be nmed.“a

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, military field-water-quality standards for lindane are
recommended. For 5- and 15-L/d water consumption rates, the recommmended standards
are 0.6 and 0.2 mg/L, respectively, for exposure periods up to either 7d 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 feeding study and slight liver enlargement in another, and
the lowest daily dose reported to cause adverse effects in humans. From this evaluation
we concluded that a dose of 3 mg/d should be used as the rnaximum allowable daily dose of
lindane for humans. This daily dose is a factor of 10 lower than the smallest one reported
to cause adverse effects in humans over a period of three days.

Health Risks

A variety of symptoms have been reported following the ingestion of gamma-HCH
(lindane) and technical-grade HCH. With increasing dose, the reported symptoms include a
burning sensation of the tongue, nausea, dizziness, restlessness, frontal headaches,
vomiting, upper abdominal pain accompanied by diarrhea, enhanced urination, increased or
decreased heart and respiration rate, muscle fasciculation, equilibrium disorders, tremors,
ataxia, and reflex slowing or loss.}13-121 Ay higher doses, severe epileptiform seizures
can occur.122 as well 25 acute renal failure and pancreatms.us followed by eventual
central respiratory failure and acute cardiovascular collapse, stupor, confusion, metabolic
acidosis, coma, and death, 123:124

Characterizing a dose-response function 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 (o substantially influence toxicity; (2) an apparently large amount of
individual vanability in response to lindane: and (3) very approxumate estimates of doses in
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some cases that are reported to cause health effects. For example, the short-term dose
regimens for lindane that produced no adverse reaction in humans included: (1) 45 mg/d in
a lipid carrier, adiuinistered for 3d121; (2) 90 mg/d in a lipid carrier, administered
dln; (3) 40 mg/d as a sol'd. administered for 14 dlzoz and (4) 100 mg/d as
a solid administered for 14 d.'%® In contrast to these, a single dose of 45 mg caused
convulsions in one patient, and 30 mg/d 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 penods,ms'uo and in general populations following prolonged
consumption of contaminated grmn,131

apparently for 3

the exposure levels for these incidents were not
estimated. Therefore, to arrive at an acceptable daily dose for military personnel who
will he exposed to field water for periods up tc 7 d or 1 y, we appl.ed a safety factor of 10
to the lowest daily dose of lindane reported to cause adverse health effects in humans
{30 mg/d).121 This dose (i.e., 3 mg/d) is then divided by the assumed daily rate of water
consumption for military personnel. either 5 or 15 L/d, to arrive at corresponding safe
levels of lindane in field water. Military personnel consuming field water containing levels
of lindane above those considered to be saie are subject to the possibility of increasing
susceptibility to significant nervous system changes. Such changes were observed in
laboratory animals (i.e., rats) administered lindane in daily doses of 5 mg/kg of body
weight over 3 months, 132

Based on a minimum-effects-level dose of 2.5 mg/(kged) of lindane administered to
rats in a lifetime feeding s‘.tuc’cy.133 and applying a 10-fold safety factor to this daily dose,
the estimated daily dose for 1 y for a 70-kg adult is 17.5 mg/d. Because this dose is over
half of the minimal dose that produced adverse effects in humans (30 mg/d), we did not
consider it a conservative enough 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 & dose of 17.5 mg/d (3.5 mg/L
for 5 L/d; 1.2 mg/L for 15 L/d). they will be subject to an increasing risk of deveioping
clinically observable signs of poisoning.

Figure 9 is a visual guide for quickly assessing the impact of lindane concentrations
in field water on the performance of exposed military personnel. The figure shows that
lindane concentrations in field water above recommended, safe levels can lead to an
increased risk of performance-degrading health effects in exposed military personnel,
Consequently, the higher the lindane concentration is above the safe level, the greater the
risk will be that many of the exposed military personnel will develop symptoms that can be
performance degrading. Symptoms can range from the possibility of subclinical nervous
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Short-term ($74d) Shont-term (< 7d)
or long-term (<1y) or long-term (s1y)
exposure ang a Fiald-water exposure and a
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5 {mg/L) 15 L/d
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d m's ow‘ a
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©—=a
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2
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Recommendad standard '
for up to 5-L/d : . , .
[ Possibility of increasing
consumption rate 08¢ Recommended standard | susceptibility to nervous
f | for up to 15-L/d system changes®
Safe levels 0.2¢ consumption rate
v } Safe levels

3 Based on extrapolation to humans from a minimal-effects dose reparted in a lifetime
feeding study of laboratory animals and the application of a 10-fold safety factor.

b Evidence from long-term feeding studies of laboratory animals indicates that low doses
of lindane may be associated with subclinical effects on the nervous system.

¢ Recommended field-water-quality standard for indicated daily consumption rate and
exposure periods up to either 7 d or 1 y. Based on human data and the application of a

10-fold safety factur.

Figure 9. Health-effects summary for lindane (gamma-isomer 1, 2, 3. 4, 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 estimated 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,

ataxia. and reflex 1055.119’121 At high doses, epileptiform seizures can occur, followed

by major systemic failure and even death. 122-324

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
reservc)irss.134'-136 Cyanobacteria (blue-green algae) and actinomycetes (gram-positive
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-methylisobarneol (MIB) into t«rater.lm:"137"”’2 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 from 1 to
10 ng/L, depending on the sensitivity of the 'mdividual.135‘143’144

Fresh-water cyanobacteria may also produce other biochemicals (i.e., alkaloid,
lipopolysaccharide, and polypeptide compounds) of potential military concem. For
example, poisonings of livestock and domestic animais have been attributed to ingestion of
water containing these substances and/or concentrated masses of the micruorganisms that
produce them. 145-147 Moreover, there is circumstantial evidence that indicates 3 causal
relationship between otherwise unexplainable outbreaks of adverse health effects in human
populations and the presence of cyanobacteria and their toxic biochemicals in public
drinking water supplies,l‘m'155 In natural waters, especislly fresh surface waters.

cyanobacteria grow in close association with actinomycetes and are a postulated source of
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nutrition for the actinomycetes. which peak in population when the cyanobacteria
population starts its decl'me.m’

Recommended Field-Water-Quality Standards

In Part 1 of Volume 4, a field-water-quality standard of 10 ng/L 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 (i.e.,
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 mig, 135,136,156 Although no
evidence exists to indicate that these substances are toxic, especially at such an
extremely low concentration, higher concentrations might indicaie the presence of other
potentially toxic biochemicals produced by cyanobacteria, particularly if algal blooms are
present.

Unfortunately, the data are too limited to permit recom..1endation of standards for
the toxic compounds associated with cyanobacteria in algal blooms. As pointed out by
Bourke et. a_.l.,lso human aversion to discoloured, foul-tasting, malodorous water accounts
for the scant information conceming human algal intoxication. These biochemicals are
toxic to livestock and domestic and laboratory animals, but interspecies extrapolation.
especially to humans, is made difficult by confounding 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 activated carbon to remove performance-degrading
natural 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 consequence of wind and wave
action) in drinlung water. Usually, blooms occur as part of the eutrophication process
(i.e., the incrzase in biological productivity of a water bedy, and, subsequently, its detritus
content, as a result of favorable temperature and nutrient enrichment introduced naturally
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or as a consequence of poilution 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 military 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 nonconsumptive exposure. Geosmin and MIB belong to the first category and
the alkaloid, lipopolysaccharide (LPS), and polypeptide toxins belong to the second one.
Geosmin and MIB are produced by a wide variety of cyanobacteria and

135-141,142,157-159

actinomycetes, whereas, the toxins generally are attributed to only a

few species of cyanobacteria, Microcystis aeruginosa, Anabaena flos-aquae. and
Schizothrix calcicolg.“s'“?' 155,160,161

The implication for military personnel in the field is that two different types of
performance-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 polypeptide compounds released by
cyanobacteria, and (2) indirect effects related to the release of the organoleptic
metabolites geosmin and MIB by both cyanobacteria and actinomycetes.

The most chemically and pharmacologically understood alkaloid toxin is
armtoxin-a.lt&6 It is a potent neuromuscular biocking agent.l‘w'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.ms'lss Characteristic responses by humans to LPS from
gram-negative bacteria are endotoxemia (the presence of endotoxin in the blood) and
pyrogenicity [fwel-).153 However, the effect on human populations of ingestion of drinking
water containing LPS of cyanobacterial origin is a controversial subject because there is
little evidence to suggest that a normal population would ;e affected by ingesting drinking
water containing Lps, 148 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 normal conditions) and Mexico
City (0.8 mg/I.).lss'155

Informiation about the polypeptide toxins is limited. However, evidence presented by
Falconer et g..‘sa indicates that a bloom «of Microcystis aeruginosa in a reservoir
containing drinking water for the city of Armidale, Australia, was probably responsibie for
increased liver damage arnong merabers of the population using that water. According to
Falconer et a._l..163 the pentapep’ide hepatotoxin of Microcystis aeruginosa enters water

2-49



Volume 9

Estimated perceniage of
military population that
Short—term (<7 d) Field-water might detect odor of
or concentration of algal metabolite in
long-term {1 y) geosmin or MIB figld water at lower
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Figure 10. Heaith-effects summary for the organoleptic metabolites (geosmin and
MIB) of aigae 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.

2 Estimates for a military population are based on information available 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 cccur at
concentrations of geosmin above 30 ng/L. This is not recommended as a standard
for military personnel because 1t exceeds the minimum background level of 10 ng/L
reported by Burlingame et al.3 upstream from an algal bloom, indicating that

concentrations exceeding 10 ng/L may be associated with the presence of toxins
released by cyanobacteria.

d Because geosmin and MIB affect the organocleptic quality of water (i.e., taste
and odor), the recommended field-water-quality standards are applicable to any
consumption rate, including 5 and 15 L/d.

€ Poisoning from toxins released by cyanobacteria is considered unlikely at
concentrations of geosmin and MIB 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 earthy/musty odors are detectable.
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when these cells are damaged. Consequently, the toxin may be released in the stomach of
humans or rumen of hvestock 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 the objectionable taste and odor of geosmin and MIB. 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 ng/L could be adopted for
geosmin and MIB, based on human responses to obj::ctionable taste or odor, 136,156,164
This standard should protect military populations from performance-degrading health
effects from either poisoning 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 ng/L might be undetectable 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. 136,158

Caonclusion

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 chloz'imaticm,166 Consequently, waters that have obvious algal masses
and detectable earthy/musty odors should be avoided.
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CHAPTER 3. REGIONS OF CONCERN WITH REGARD TO
INORGANIC CHEMICAL CONSTITUENTS OF FIELD WATER
N.B. Crow*

Several inorganic constituents of field waters could pose health risks to mi
personnel (see Chapter 2}, mainly in hot. arid regions or areas where natural waters «
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 slevate
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 not
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 and proximity to the
ocean. In Libya and Egypt, the aquifers are largely sandstones with few soluble minerals:
inland from the coast, the water is normally of low salinity. However, reducing conditiouns
dominate these aquifers and the water may contain exceptionally high levels of iron and
manganese, which can cause a strongly objectionable taste. Near the coast, the wate-
becomes too saline for use,

Further east, in l.ebanon, jordan, Syria and Israel, the aquifers are largely limestune,
and the water 1s relatively hard, though usually potable. In the eastern part of Syra and
adjacent iraq, gypsum (hydrated calcium sulfate) becomes an iinportant constituent in the
limestone aguifers. 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 eastemn lraq and most of 'ran south of the Eiburz Mountains (see Fig. 3). The

* Favironmental Sciences Division, Lawrence Li:vermore National Laboratory, University
of Califormia, Livermore, (A 44550,
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tigure 1. Areas of low annual precipitation (<400 inm) in Africa (shaded). Based on data
appearing 1n The Times Atlas of the World.!
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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 determine reliably the characteristics 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 petroleumn resources. Colman-Saddz. Dunnington.3
and Stiicklin4 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 deformed, 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 kasins occur
east of the 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 mountain-building. These layers, most notably the lowest-lying
Hormuz formation, have been mobilized by tectonic forces and forced up into the cores of
many anticlines (upward-archirig 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. '

The Fars formation is younger than the folded rocks, and was -“=posited afier
mountain-obuilding 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!
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the surface in many basins over an area some 1200 km (750 miles) long and 150 km (95 mi)
wide, extending from central Iraq, Syria and southern Turkey southeastward to southern
Ix‘an.q'6 In addition, salt is accumulating today in closed basins within the great central
desert of [ran, the Dasht-i-Kavir., Figure 4 shows the generalized extent of all these salt
formations. These large accumulatiors 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 very hot, dry and windy
summers. Thus, the region has scanty rainfali, poor leaching of salts weathered ‘rom
rocks, and high evaporatinn rates. These characteristics correlate well with saline water
supplies.7

Because low rainfall and high evaporation are characteristic of Iran south of the
Elburz range, surface water sources are few in number and largely confined to the slopes
of the Elburz Range and a few scattered perennial rivers elsewhere in the country.
Moreover, many surface water resources have been in contact with salt or gypsum
outcrops and are not potable. Most of the potable water in Iran is ground water provided
either by conventional wells or by qanats, which are shallow-dug tunnels 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 ard 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 of the Caspian Sea. The Elburz
mountains 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 found to be lognormally distributed. According to our
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Figure 4. Map of onshore salt deposits in the Persian Gulf regicn of the Middle
East. Taken from information presented by Stocldin.4
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Water-quality sampling locations in Iran at which concentrations of chloride,

magnesium, sulfgate. and total dissolved solids were measured. (Compiled from original
data contained in reports prepared by U.S. engineering firms for the government of Iran

during the 1950's and 1960 's.)
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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 ‘he government of Iran
during the 1950°s and 1960 s.)3

g95th cumulative

Inorganic Geometric mean (Geometric percentile
chemical No. of concentration 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 3.9 1300
Total dissolved

solids (TDS) 43 685 2.18 2400

2 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 (i.e. Xgeag 1.645), There is a cumulative probability of 95% that the monitored
values will be gless than or equal to the 95th numulative percentile concentration.

analysis of the data, there is a 95% cumulative probability that the concentrations of
chloride, magnesium, sulfate, 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 these 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. [f Reverse Osmosis Water Purification Units
(ROWPU 's) are available, it should be possible to produce potable water 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,
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Iraq

Water-quality data for Iraq are very sparse; only a few data points for the Tipris

8-10 These data indicate the water

River and irrigation canals near Baghdad are available.
of the Tigris River 2 be of moderately good chumical quality (see Table 2). The sodium
chloride content 1s relatively low. Sulfate concentrations are undoubtedly the result of
dissolution of the Fars formation rocks that crop out ainng the tributaries of the Tigris.

The linear fold mountains of the Zagros Range .xtend into Iraq. primarily in the
eastemn and northern portions. The Fars formation, containing gypsum and salt, crops out
in these mountains as well (see Figs. 3 and 4).

The climate of northern Iraq is generally similar to that of adjacent Iran. The major
physiographic difference between [ran 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 giound 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 Al-]aysh Al-Khair Tigris
constituent canald canald River?
Calcium (Ca*?) 80.1 .3.0 64.5
Bicarbonate (HCO&)C 196.7 234.0 -—-
Chloride (C17}) 119.5 109.7 82.6
Magnesium (Mg*?) 48.2 61.1 21.7
Potassium (K*) 12.7 10.0 -
Sodium {Na ") . 78.5 78.6 47.7
Sulfate (sof) 120.0 131.4 65.5
Total dissclved solids (TDS) 636.3 575.3 437
pH 7.78 7.63 8.12
a From Ref, 8. o

b From Ref. 10.

© Reported 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 lirnestones and evaporites. with some salt

layers--gently dipping eastward off the granitic basement complex that crops out in the

11,12

west. Some of the world's largest petroleum and natural gas occurrerces are found

in geologic structures that formn reservoirs in the older sediments of this sedimentary
section,

Above the stratigraphic zones that contain petroleum-bearing reservoirs, tabular
bedrock aquifers contain relatively large amounts of ground water of varying quality.
Some of these 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 the coast of the Persian Gulf.
Scattered data’® show that the waters from the regional aquifers often contain relatively
high sulfate concentrations; ir regions where the water is not potable, waters have high
sodium chloride concentrations as well. Bakiewicz et gl.m present a regional study of one
of the major aquifers, the Umm er Radhuma formation. The report includes a map
showing the total dissolved soiids (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/i. and therefore are above the
recommended field-water-quality standard for TDS of 1000 mg/L {see Chapter 2).
Nonetheless, local populations of this area have apparently acclimated to water up to
about 2500 mg/L of total salinity, because there is no hetter quality water available.

Aquifers are probably scarce in the granitic highlands in the west of the Arabian
peninsula and in the folded mountains extending along the south coast to Oman; most
water sources are probably in the overlying alluvium and are likely to be relatively small
in extent. These water sources are likely to be of reasonably high quality.

Syria, Lebanon, Israel, and Jerdan

The situation in these four countries is generally similar. They are underlain by
more or less gently dipping sedimentary rocks, predominantly limestones.12

and northern areas--the Mediterranean coastal areas of Israel and l.ebanon and the

The western

"Fertile (rescent” highlands in northern Syria and adjacent Turkey--are relatively
well-watered- -approximately 500 mm/y--and water supply is unlikely to be a serious
oroblem. 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 probiem.
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Umm er Radhuma Aquifer, Saudi Arabia. From information pressented by
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The water in the Jordan River/l)ead Sea basin is quite saline, unlike the remainder of the
region.

We found considerable but scattered data covering Jordan and israel, fewer ahout
Lebanon and Syria. There is one report by Burden and Safadi15 that includes
water-quality data for a relatively large number of wells completed in karst aauifers 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 karst aquifers are in rocks high in sulfate minerals, the
sulfate concentration in the water is much higher and the water is less descirable as
drinking water.

Egypt

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 4 shows water chemistry data compiled by TallinglEi
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 Ethicpia; because the rocks in this region
contain few soluble minerals, the water is usually of excellent chemical quality. The
salinity of the Nile increases downstieam, At Cairo the water is of moderate salinity. At
the mouth of the Nile below Alexandria, the water is brackish. Despite reasonably good
chemical quality in most of the Nile River, biological pollution is quite severe, and there
are high levels of algae in the water as well, For these reasons pretreatment of the water
is necessary for drinking and for using in b(:vilt-‘:rs.w’18

Near the coast, water quality is generally poor. During the Egyptian and Libyan
campaign of World War I, the British army survived in coastal strongholds on shallow
ground water with salinities as high as 4000 mg/l., Troops using water of such high
salinities were not usually able to fight vigorously and tanks and other vehicles were
dependent on treated Nile River water transported by rail, 1718

Another major source of water in much of inland Egypt is the Nubian sandstone

aquifer. 19.20

This sandstone lies at the base of a relatively thin, undeformed section of
sedimentary rocks; it overlies a granitic bas2meni from which the sand is largely de-ived.
The rock contains few soluble salts, Studies indicate that most of the water in the aquifer
entered it from granitic and volcanic highlands ¢djacent to the southern part of the
aquifer during Pleistocene pluvial periods about 10,000 ta 15,000 years agu.lg'zo Because
few soluble salts entered the water, the water is of remarkably low salinity for this highly

arid region (see Table 5).
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Table 3. Water-quality monitoring data for the karst aquifers in Syria. 4

Inorganic Concentration 7(mg/ L)
chemical

constituent Springs Wells
Calcium (Ca+2) - o - 4;—1 - 7ﬁw: :
Bicarbonate (HCDS} 231 220
Chloride (C17) 13.8 70.9
Magnesium {Mgw‘) 20.7 25.3
Sodium and potassium (Na* and k 16.3 0.5
Sulfate (50;2) 30.7 85.5
Total dissolved solids (TDS) 386 543

a Averaged data from Ref. 15.

Table 4. Water-quality monitoring data for the Nile River at Lake Victoria and Cairo,
Egypt.a

Inorganic Concentration (mg/L)
chemicai

constituent Lake Victoria Cairo
Calcium ICa*‘?) 5.6 27.6
Bicarbonate (HCO;) 68.4 200
Chloride {C17) 3.9 14.5
Magnesium (Mg‘z) 2.6 10.0
Potassium tK+) 3.9 6.6
Sodium (Na*) 10.4 27.6
Suifate (SO;°) 2.4 17.8
Conductivity (umho/cm) 97 307

4 From Ref, 16.
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Table 3. Water-quality monitoring data for the Nubian Aquifer si Khargs and Dakhla
Oases. Egypt.@

Concentration (ppm)

inorganic chemical Wells at Kharga Wells at Dakhla
constituent el Maheriq Baris 15 Mut Rashda
Calcium (Ca*?) | 19.2 4.8 21.6 24.8
Bicarbonate [HCO&) 89.5 95.0 §5.F 53.0
Chleride (Cl") 67.0 98.0 49.0 82.0
Free CO2 89.5 36.6 ‘2.6 36.0
Iron (Fe*?) 1.2 45.0 4.6 6.1
Magnesium (Mg*?) 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
Sulfate (SO;) 14.5 76.0 32.5 53.5
Total dissolved solids (TDS) 378.0 432.0 226.0 294.0
Eh (millivolts) +125b -4.6° +99.7b +64.7b
pH 6.6 6.7 6.3 6.4
Temperature (°C) 38.0 33.0 34.0 34.0

4 From Ref. 20.
b Oxidizing environment,

c Mildly reducing environment.

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. 0 High concentrations of iron may make the water unpalatable, The Nubian
aquifer covers a large area, Shatalg 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 warer resources of the Nubian aquifer in several inland oaces areas where

the water is sufficiently shallow to allow economical pumping of the water to the
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surface.m'20

In areas not presently used for agriculture, adequate water could be
developed from the Nubian aquifer for use; however, special construction techniques for

wells and some pre-treatment for the strong iron taste could be necessary.
Libya

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 ocases. The information availabiem’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, there are

Table 6. Averaged water-quality monitoring data for 28 wells located in the Az Zawiyah
area of Libya.2

Inorganic chemical constituent Concentration {ppm)
Calcium (Ca*?) 68.0
Bicarbonate (HCOQ) 193.0
Chloride (Cl ) 135.6
Magnesium (Mg*z) 30.4
Potassium (K+] 6.0
Sadium (NA+) 93.1
Sulfate (SO}°) 95.7
Total wissolved solids (TDS) 554

pH 7.6

3 From Ref. 21.
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areas with low amounts of rainfail (less than 400 mm/year) that may have surface or
ground waters with elevated levels of dissolved soulids (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 poliution of water supplies.

ASIA

As shown in Fig. 9 large areas of Asia have annual precipitation that is less than or
egual to 400 mm and could have mainly high-salinity water supplies. We were unable to
acquire water-quality data indicative of these areas. and we recommend further work on
the subject. 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 inconsistent.

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.“
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 gechydrology
of the region. Guatemalan bedrock is largely volcanic rock with few soluble minerals.
The climate ‘. % upical aug the rainfall high; materials leached from the rocks are readily
moved into the rivers. Thus, surface water in Guaternala 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 solubie sal’s are not
present at the land surface.

Figure 10 shows the low annual precipitation pattem (less than 400 mm) for Central
and South America. From the figure, it can be seen that the region is characterized by

generally high precipitation; areas of lowest precipitation are along the west coast of
South America,
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Figure 8. Areas of low annual precipitation (<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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Table 7. Results of a statistical analysis of water-quality monit: .g data for selected
inorganic chemical constitutents from surface-water sa pling !u° 1s in Guatemala.

95th cumulative

Inorganic Geometric mean Geometric percentile
chemical No. of concentration stanaard concentration
constituent samples (mg/L)a deviation (mg/L)
Chloride (C1') 26 13.9 1.76 35
Magnesium (Mg*?) 25 6.27 2.33 25
Total dissolved

solids (TDS) 26 264 1.57 550

8 Sampling data fit a lognormal distribution and the geometric mean concentration is
equivalent to the 50th cumulative percentile concentration.

b g5th cumulative percentile concentration is equivalent to the geometric mean
concentration (Xg) mulnphed by the geometric standard deviation {o,) raised to the 1.645
powes (i.e., X 645), There is a cumulative probability of 95% that the monitored
values will be% ess 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 $alt concentration of such waters. Tt should also be
noted that streams containing glacial runc.ff can be highly turbid.

GENERALIZATIONS

Studies of the correlations between water salinity and hoth climate and gechydrology

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 warm to hot, arid climates, and conseguent high cates of water
evaporation, very often have scanty water supplies with relatively high salinity, Such
regions gre virtually ail located 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.
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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 Turkey and
southern Soviet Central Asia.

Generally similar climate and conditions characterize the deserts of northwestern
Mexico and the adjacent U.S. Southwest. To the north of this trade-wind desert lies the
arid to semi-arid region of eastern Califernia, Nevada, and southern 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 in these regions and the general likelihood of erncountering saline water will be
high.

In addition to these regions, there is a likelihvod that highly saline waters will be
encountered in regions with outcrops of bedrock con*aining such soluble minerals as salt
and gypsum/anhydrite. An example of major importance to this siudy is the region of
Northern Iran and Iraq together with adjacent portions of Syria and Turkey. In iran the
Hormuz salt pierces the overlying bedrock to form 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 rars formation underlies many of the intermontane 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 examples .ee the Colorado River of west-central
Colorad0.26 and the Salzkainmergut near Salzhurg, Austria. The Colorado River has a
reach underlain by gypsumm and anhydrite near the headwaters of the siream in the
high-altitude, moderately humid Rocky Mountains. The amount of calcium sulfate
dissclved 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 Central Europe. Salt (NaCl) occurs in the region; it has been mined there for thousands
of years, Some water supplies in the region have unusually high leve's of salt, undoubtedly
as a result of leaching of salt by percolating waters.

In order to obtawn information reliable enough for assessiment of areas of critical
interest, fairly detailed site-specific hydrogeologic studies by the best available
techniques are essential. However, in (he absence of such data this evaluation can be used
te identify locations in the regions of military concern with waters that could contain

elevated concentrations of inorganic chemicals and where it is important for monitoring to
be performed.
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CHAPTER 4. REGIONS OF CONCERN WITH REGARD TO
ORGANIC CHEMICAL CONTAMINATION OF FIELD WATER
]. Kelly-Reif"

Organic chemicals, both industrial and agricultural, are found throughout the world
in all types of natural waters. In part one of Volume 2 of this study, we made a
comprehensive survey of organic chemicals found in natural waters. Qur analysis of the
available data showed that organic compounds are typically detected at concentrations
that are not high enough to cause systemic effects or adverse organoleptic responses.
Ordinarily, oniy 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 relsase contaminants, especially organic chemicals, into ground and
surface waters. Although it is not possible ‘o list all such facilities that could cause
difficulties, we have identified major organic ch-mical production centers and petroleum
refineries as the most significant possible sources of surface water contamination from a
regional perspective. Information on the locations of these facilities can alert military
planners to potential water-supply contamination by organic chemicals under battlefield
conditions. We also describe in this chapter the geographic regions worldwide that might
contain water with elevated levels of pesticides. espzcially lindane. These levels,
particularly tha* of lindane, occur as a consequence of agricultural application procedures.

ORGANIC CHEMICAL PRODUCTION CENTERS AND FETROLEUM REFINERIES

The geographic regions considered possible theaters of operation for 1J.3. military
forces are (1} Latin American (Central and South Armenca), (2) Europe (including the
U.S.S.R.), (4) Africa and the Middle East, and (4) Asia. A map cf each region is presented
in Appendix A showing the location of major organic chemical production centers (see
Figs. A-1 through A-5). These maps are intended to assist military risk managers in
determiung where troops under battiefield conditions might be exposed to elevated
concentrations of organic chemicals in field water. High concentrations of organic

* Department of Enviroamental Toxacoiogy, University of California at Davis, Davis, CA
936186,
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chemicals in field water could cause performance-degrading effects to its military
consumers.

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 centers are often near major land routes to further
accommodate transportation needs and improve accessibility Thus. under combat
conditions, these production centers could be destroyed and nearby waters could become
highly contaminated. Tha latitude, longitude and production capacities for major organic
chemical production centers worldwide are provided in Tables A-1 through A-5 in
Appendix A.

The producticn capacities given for the major centers are for the combined tatal of
the following chemicals: benzene, phthalic anhydride, methanol, phenol, ethyiene,
polyvinyl chloride {(PVC), polyamides (nylon}, polyethylene, styrene, butadiene, and carbon
black. This information is based on 1570 statistics. As such, it should be viewed as only
an indicator of potential pollution sources. The actual production volumes 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
petlrochemicals, chloralkalies, other inorganic chemicals. fertilizers, pesticides, plastics,
synthetic fibers, and synthetic rubber) by developing nations worldwide was 10.7% between
1970 and 1879, 7.0% in 1986, and {estimated) 6.8% for 1987.% This rise in chemical
production is attributed to the industrialization of these countries and the need for them
to produce more of ths chemicals required by their domestic industries. Furthermore,
estimates of industrial chemical production also suggest that developing countries will
rapidly he increasing their output of fertilizers and pesticides, and that the gengraphic
concentration of output wili be changing as well (e.g. growth in industrial chemical
production appears t¢ be slowing in southeast Asia but expanding on the I[ndian
Sul:n:cmtmem)'2

Locations 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 (b/cd).
Refineries are usually located near large bodies of water, in part to supply cooling water
but also for access to shipping tankers.3 Normally, cocling systems are major sources of
water pollution at these facilities. Offshore platform accidents and on-shore 'vcll leaks
can also be responsible for water contamination.®

{-2
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Africa and the Middle East

As can be seen in Figs. A-1 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, Egyp: (near the Nile River), and
Sasolburg/Modderfontein/Germiston, South Africa. At the regional scale, low production
levels would indicate that an extensive pollution problem is unlikely. Pieduction figures
for 1970 did not exceed 850.000 metric tons for any given country (see Tables A-1 and A-2
in Appendix A). At the local level, Sasolburg, South Africa produces the largest quantity
of organic chemicals (500,000 metric tons) in the region. The potential fer growth of
production capacity in thic part of the world is great.

No country in Africa or the Middle East has more than 10 petroleum refineries.
Furthermore, in the Middle East there are only five petroleurn refineries with capacities
of over 200,000 b/cd (see Table A-6 in Appendix A). The largest of these is in Saudi
Arabia, with a capacity of 415,000 b/cd.

Europe and the U.S.S.R.

Europe has more organic chemical preduction centers than any of the other regions
described in this analysis \see Fig. A-3 in Appendix A). Western Europe, in particular, has
numerous sites, with the largest output in West Germany (over 14,000,000 metric tons),
and Italy (7,400,000 metric tons) according to Table A-3. In West Germany, most of the
centers are along the Rhine River. [taly has numerous sites aleng its coastlines. Eastemn
Eurcpe, on the other hand, has most of its producticn centers near inland rivers. In
Poland, for example, the largest center is in Plock, un the Vistula River. There are
numerous petroleum refineries in Europe (see Table A-6 in Apperidix A), 23 with capacities
of at least 200.000 b/cd (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
contained little definitive data on the nature and magnitude of such contamination.

Specialized studies may eventually be required to identify those heavily polluted water
resources.

Asia

As shown in Fig. A-4 of Appendix A, most organic chemical production sites are near
coasta] waters. ]apan is the biggest producer in the area, with centers dispersed along

4-3
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much of its coastline, and with a total production capacity of over 16,000,000 metric tons
{see Table A-4).

The major oil refineries (crude capacity » 200,000 b/cd) in this region of the world
are in the far east: Japan, South Korea, and Taiwan (see Table A-6 in Appendix A).
Japanese crude 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.luces a relatively large amount of organic
chemicals (1.850,040 metric tons).

Brazil has the most petroleum refineries (12) followed by Argentina (12). Al other
countries in the region have less than 10 petroleum refineries. Thn major regional cil
refineries (nrude capacities > 200,000 b/cd) are in Argentina, Brazil. Mexico, and

Venezuela (see Table A-6 in Appendix A).
PESTICIDE CONTAMINATION IN AGCRICULTURAL AREAS

An earlier review of the worldwide extent of pesticide contamination of surface angd
gound waters showed that only limited data were available on actual pesticide
concentrations in natural waters (see part 2 of Volume 2).5 That information 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 concern., we have shown major
food-producing areas {Figures R-1 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 pertormed.

In general, any small body of water in the immediate vicinity of agricultural
activities {i.e., irrigation canals, rice paddies, ponds, and reservoirs), with high potential
for contamination and little potential for diluticn, poses a real threat to troop health. [n
addition, military personnel should be alert to the possibility of extreme contamination
levels in areas requiring the direct application of pesticides to water. For example, a
concentraticn of lindane in water of 1920 ug/L was reported in rice paddy water.6 Areas
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of rice production, which are principally located in Third World countries (see Figs. B-1 to
B-5 in Appendix B}, are at considerable risk for contamination of water by pesticides,
particularly by lindane.

Africa 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 around the Mediterranean Sea.

Eurcpe and the [J.S.S.R.

Fig. B-3 in Appendix B shows the primary areas of general agriculture and rice
proeduction in Europe and the U.S.S.R. Most of Europe should be considered agricultural;
however, there is little rice production in this region.

Asia

Fig. B-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.

Latui 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.

4-8
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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 planners of military operations. Many water-related diseases can completely
disable 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 transmission. 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
waterbome 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 Rzlated Standard.ts,1 there are no relatively simple field tests for measuring
the specific concentration uf any of the variety of infectious organisms listed in Table 1.
Until such tests are available for determiaing either directly or indirectly (based on

* Sanitary Engineering and Environmental Health Research Laboratory (Building 112),
University of California, Richmond 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-washed Water-based

Bacterial diseases:
Bacillary dysentery (Shigella spp.)
Cholera (Vibrio Cholera)
Diarrhea (Campylobacter)
Diarrhea (Escherichia coli)
Leptospirosis {Leptospira spp.)
Salmonellosis {Salmonella spp.)
Typhoid fever (Salmonella typhi)
Skin infections (Pseudomonas spp.
and Staphylococcus spp.)

Yersiniosis (Yersinia spp.)

Viral diseases:
Encero viruses X X -
Gastroenteritis, Norwalk agent,
and Rotavirus X - -
Hepatitis A (hepatitis virus) X X —
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Parasitic diseases:
Acanthamebiasis (Acanthamoeba spp.) X
Amebic dysentery (Entamoeba histolytica) X -
Ascariasis (Ascaris lumbricoides) X X -
X X
X

Balantidial dysentery (Balantidiuin coli)

Dracontiasis (Dracunculus medinensis) - -~ X
Giardiasis {Giardia lamnblia) — —
Meningeencephalitis (Naegleria spp. and

Acanthamoeba spp.) . X -
Schistosorniasis (Schistosoma spp.} - - X

indicator organisms) the concentration of specific infectious nrganisms in field water, the
military should continue to use the membrane-filter technique for the presumptive
determination of the presence of coliform organisms in water. The present field-water-
quality standard hased on this technigue (i.e.. coliform densities should not exceed one
colony-forming unit (CFU) per 100 mL)z can be cousidered indicative of a safe level for
infectious organisms in field water. Nevertheless, the consumption of specific
concentrations of the infectious organisms of military concern in field water can be
evaluated, This evaluation can be accomplished by using the risk-assessment model we
presented in Voiume 5 in combination with (1) the dose-response equation for the
particular infectious organism that vields the most conservative estimate of the risk of

illness; (2) an estimate of the concentration of the infectious organism in the field water:

5-2
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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
precess that may be used for removing the infectious organisms from the water prior to its
consurnption. The risk of illness for military personnel from consumption of 11 waterbormne
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 from the latter group of infectious organisms is not as quantitative
as that used for waterborme infectious organisms. The reason for this is that only a
limited amount of data are available conceiming the dose-response relationships,
environmental concentrations, and persistence of the water-washed and water-based
infectious organisms.

HEALTH RISKS FROM WATER-RELATED INFECTIOUS ORGANISMS

This section is divided into two parts. In the first part we discuss the results of
application of our risk-assessment model for determining 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 waterbome
infectious organisms in field water, based on representative 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,

Waterbome Infectious Organisms

The health effects caused by infectious waterborne agents are quite varied. Table 2
lists some of the major effects of each disease. For example, Shigella, Saimonella, and
entercviruses can cause vomiting and diarrhea symptoms which can seriously degrade a
soldier's ability to perform. However, these diseases are seldom fatal. On the other

hand, cholera and some of the parasitic worms (helminthsj can produce life-threatening
diseases.

The risk-assessment rmodel described in Volume 5 was used to develop a probabilistic
description of the percentage of an exposed military population that would be iil after

drinking water contaminated with specific infectious organisms. The model was applied
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Health effects associated with water-related infectious organisims.

Waterborne infectious organisms

BACTERIA:

Shigella

Vibrio cholera {Classical and El Tor)

Campylobacter

Escherichia coli

Salmonella spp.

Salmonella typhi

Yersinia spp.

VIRUSES:
Enteroviruses
Norwalk agent
Rotavirus
Hepatitis A

PROTOZOA:

Entamoeba histolytica

Giardia lainblia

Health effects

Diarrhea, bloody stools, ulceration.

Diarrhea, vomiting, dehydration, death.
Diarrhea, vomiting, malaria.

Diarrhea

Diarrhea

anorexia,

Fever. constipation, malaria,

ulceration, septicemia.

Diarrhea, enterocolitis, abscess, septicemia,
colonic ulceration, arthritis.

Viral gastroenteritis.
(Gastroenteritis, vomiting.
Diarrhea, vomiting, fever, dehydration.

Fever, jaundice, abdominal discomfort,

Bloody diarrhea,
dysentery.

constipation, fuliminating

Chronic diarrhea, cramps, anorexia.

Water-washed and water-hased
infecticus organisms

BACTERIA:

| Health effects

o

Skin ulcer and sepsis; fever, chills, nausea,
occasionally death.

Skin ulcers, sepsis, nosocomtal infections.
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Table 2. (continued).

Water-washed and water-based Health effects
infectious organisins

Staphylococcus spp. linpetigo, ecthyra, folliculitis, boils,
carbuncle, abscesses, cellulitus, erysipedas,

L.eptospira spp. Jaundice, flu like illness.

Aegrorngnas spp. Wour * infections, gastroenteritis.

PROTOZOA:

Acanthamoeba spp. Amoebic meningoencephalitis,

Naegleria spp. Primary amoebic meningcencephalitis.

Balantidium spp. Diarrheal disease, abdominal pain, colonic
ulceration,

HELMINTHS:

Dracunculus medinensis Temporary crippling disease,

Ascaris lumbricoides Pneumonitis, labored breathing, cough. chest
pain, fever, anorexia, vomiting, diarrhea,
constipation.

Schistosuima spp. Dysenteric.  pulmonary, and  abdominal
symptoms, rigors. itching  skin,  and
dermatitis,

to 11 waterborne infectious organisms and used threg representalive exposure Scenarios,
The first scenano represents a low-risk situation in a developed country: 10 1. of water
that are consumed daily have a pathogen concentration equal to the geometrnic mean of
the dose data and a standard deviation equal to the standard deviation ot the dose data.
The treatment etficiency s assumned to remove bhetween 49%  and 99.699% of the
mfectious orgamsms from the field water. An equivalent expression for this treatment
effictency 1S 2 to £ log removals, where log removal corresponds to the logarithm of the
factor of redurtion in the number of oargamsins per liter of water {e.g., if the inital
concentration of  orgamsms s m”/l. and treatment reduces this concentration to
2l orgamsms/ L about a 99.98% treatinent efficiency, then lugm ]10(’/25()] equais 3.0 loy
reinovals), The second scenario represents o high nisk situation in a developed country.

Fhis situation mght be encountered durning o military conflict, A datly consumption rate
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of 15 L of water 15 assumed. The pathogen concentration has a mean equal to the
geometric mean of the dose data but the standard deviation is assumed to be 100 times the
actual standard deviation of the dose dits. There is no water treatment; the removal of
infecticus orgamsins is 0%. The third scenacio represents the low-risk situation in a
developing country. Water consumption and treatment efficiency are the same asn the
first scenario but ‘he pathogen concentration 1s somewhat higher.

The probabiiity (Plj that the percentage ill in a population of 20 mulitary personnel
will he greater than either 10% or 90% as a result of consuming field water containing
infectious microorganisms 1s suminanzed in Tabie 3 for 11 of these waterborne pathogens,
These probhabilities were determined for conditions considered representative of high  and
low-risk situations in developed and developing countnes, as defined earlier. Risk curves
that reflect much of the data contained in Table 3 are presented in Appendis C of this
document. These curves can be used to estimate probabilities other than those expressed
in Table 3 for the percentages of troops that inay become 1ll.

The exponential dose-response vquation provided the most conservative estimate of
risk for five of the pathogens evaluated (i.e., Shigella spp., Vibrio cholerae Classical,
Salmonella spp.. Entamoeba hystolytica, and Giardia lamblia); the logistic dose- response
equation provided the most conservative estimate of risk for three of th: pathogens
evaluated (i.e.. Vibrio cholerae El Tor, Escherichia coli, and Salmonella typhi): and the

lognormal dose-response equation provided the most conservative estimate of risk for

Campyiobacter and was used for Yersemia spp, and enteroviruses because dose-response
data for the latter orgamisims were too linuted for use with other dose-response equations,

A comparison between the risk assessment cesults presented in Table 3 for developed
and developing countries reveals that for all 11 waterborne infectious argamsms the risk
of illness s greatest in developing countries.  These results indicate that the
risk-assessment model is sensitive to changes in the mean concentration of pathogens in
water.  For example, for each of the infectious organisms examined with the
risk- assessment model the mean pathogen concentration is greater in developing countries
than mn developed countries. it also was noted from a sensitivity analysis described in
Volume 5 that the volume of water consumed (10 to 15 L/d) has little effect on the risk
estimates, Consequently, the applicalulity of the risk curves presented in Appendix ¢ and
in Volume 5 to specitic tietd combat situations can be improved dramancally 1f accurate
measurements of the concentrations of the pathogenic organisms that are present in the
water are made and introducert into the risk assessment model

Another umportant point to consider when interpreting the vanous results of the

risk assessment model s the relationship between latency hie., time from ngestion to the
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onset of symptoms) and illness. For example, the latency period for the pathogenic
microorganisms of concern generally is one to three days (see Table 4). This means that
the expected percentage of troops that will hecome 11l 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 containing any of the microorganisms of concern. Thus, the type of situation
confronting a unit in the field may influence decisions regarding the use ot water. For
example, the need to complets a 1-d mission successfully may be so important in a hot,
arid environiment that the sk of infection occurring 1- to 3-d after exposure to field
water containing pathogenic microorganisms is academic, no matter what proportion of
the population 1s likely to be affected.

Twou examples of how Table 3 and corcesponding figures in Appendix G ought be used
for risk assessment purposes with respect 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 in Volume 5, are constructed from the
risk-assessment model and assumptions and data presented and discussed in Volume 5,
More refined situation-specific risk tables and figures can be constructed by using the
risk-assessment model with site-specific data, particularly monitoring data that identifies
the concentration of microorganisms in a field water.

EXAMPLE 1: A military unit is operating in a developed country and the
only dnnking water available is untreated surface water from mountain
streams. The microorganism considered to be present in :uch surface waters is
the protozoan Giardia lamblia, which can produce a severe diarrheal illness
{i.e., giardiasis}. Thus, this field water is considered to be one of high risk to
the military population. The possible impact of this water on mission
accomplishment can be assessed by using the applicable information for
Giardia lambiia in developed countries that is contained in Table 3.

Fxamination of Table 3 reveals that there is an 88% chance that more than
t0% of a population of 20 military personnel will hecome infected and could
exhibit climcal symptoms of giardiasis as early as three days after exposure
(see Table 1). Table 3 also shows that there 1s an 84% probability that more
than 40% of the exposed military population could develop giardiasis as early
as three days after exposure (see lable 1), Figure € 11 in Appendix ¢ displays
these relationships graphically and indicates the inelastic nature of the cisk.

The conclusion to be drawn from this analysis is that o significant risk exists
{> 80%) that any mission lasting up to 7 d and requiring more than one
individual to complete (1.e, > 40% of 'he population of 20 mulitary personnel
could bhecome ili) could be jeopardized should troops consume the fieid water
without adeqguate filtration followed by Aisinfection.
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Table 4. lLatency? for disease symptoms produced by common waterborme pathogens.

Organism lLatency
()b
Shigella dysenteriae Ytob
Campylobacter jujuni ttod
Vibrio cholerae <lto?
Escherichia coli 0.1 to 3
Salmonella typhi 3 tag 22
Yersinia <1
Enteroviruses 2 todbd
Ncrwalk agent 0.42 to 2.1
Rotavirus 1tod
Entamoeba histolytica 7 to 98
Giardia lamblia 3 to 56

4 Latency is defined to be the time (in days) from ingesticun to the onset of symptoms.

b Based on data contained in Appendices of Volume 5.1

EXAMPLE 2: A military unit is operating in a developed country and the
drinking water 1ivailable is from a surface water that has undergone treatment
by reverse osmosis water purification followed by disinfection. The
microorganism corsidered to be present in such surface water is the bacteria
Escherichi: coli, wnich can produce an intestinal illness. Thus, this field water
1s considered to be one of low risk to the military population. The possible
impact of ‘his treated and disinfected field water on mission accomplishment

developed countries that is contained in Table j

Fxamination of Tahle 3 reveals that there is a 96% chance that more than 10%
of a population of 20 military personnel will hecome infected and could exhibit
clinical symptoms of intestinal illness in less than one day after exposure (see
Table 4). However, Table 3 also shows that there 1s hittle chance that more
than 90% of the exposed military population could develop an intestinal
lness. Figure CC 1 in Appendix C shows graphically the relationship between
level of risk and percentage of military population that could become ill from '

The conclusion to be drawn from this analysis 1s that there is virtually no risk
(1.e,, zeroy that a military mission lasting up to 7 d and requiring at least one
individual to cumnplete {» 90% of the popuiation of 20 military personnel could
become ill) could be jeopardized should troops consume the treated field
water. However, there is a significant risk (> 95%) that more than 10% of the
wxposed  population  could become il in less than | d {see Table 1)
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as a consequence of exposure to the treated field water. Nevertheless, the
level of nisk 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 results of the two examples just presented, it is evident that the reliability
of the ireatment 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-Based [nfectious Organising

The task of evaluating the health risks trom exposure to the 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 Valume 6 of this report, Infectipus Organisms of Military Concem Associated
with Nonconsumptive Exposure: Assessment of Health Risks and Recommendations for

Establisning Related Standards.'J and summarized here for the infectious organisms shown
in Table 5.

Feachem et gl."‘ and Bradley and Feachem® defined five categories of infection, as
shown in Table 6. These categories are based un environmental features discussed in
detail in Chapter 14 of Volume 6 that include latency. infectivity, infective dose, and

mode of transmission. Control measures appropriate to each category also are shown in
Table 6.

Table 5. Water washed and water-based infectious organisms selected for review.

Bactera Protozua Helininths
Non cholerae Vibrio spp. Acantharnoeba spp. Dracunculus medinensis
Pseudomanas spp. Naegleria spp. Ascaris [unbricoides
Staphylococcus spp. Balantidium spp. Schistosoma spp.
[.eptospira spp. Trichobilharzia spp.

Auromanas 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 intermediate aquatic host as part of the mode of
transmission. Furthermore, the most important major contro]l measures for the last three
categories involve limiting contact between the potential host and untreated water (i.e.,
ponds, lakes, stancing water, etc.) and the provision of toilets. If a treated-water supply
is provided, independent of other control methods, the likely effect on minimizing health
risks in exposed military populations for each category would be as follows:

Category I: great,

Category II: slight to moderate,

Category III.  negligible,

Category IV: negligible, and

Category V:  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 [ and generally the lowest
from pathogens in Categecy V. This evaluation is based on the effectiveness of the
treatment process being considered. However, if the assumption is made that all
water-washed and water-based infectious org nisms 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 risk from the organisms can be made
from the da.a shewn in Table 7. Review of Table 7 indicates that the pathogens can be
roughly grouped as follows: short latency (i.e., few days to 10 days), and low infective dose
(i.e., _<_102 arganisms); 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 I), relative to health effects
occurring over a short period of time (i.e., < 7 d), appear to be Staphylococcus spp.,
Leptospira spp., B. coli, and Ascaris lumbricoides. The group of pathogens that present
the highest risk of serious infection (Group II), relative to health effects develaping over a
long time period (i.e.. < 1 y), appear to be Schistosorna spp., and Dracunculus medinensis.
The final group of pathogens (Group III) are those with a medium to high infective dose and
a short latency perniod. Unless the concentration of these pathogens in water is quite high,
it appears that they present the lowest overall risk of infection.




Table 7. Grouping of pathogens based on latency and infective dose.
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Pathogen

Latency

(time interval)

Median infective dose?

Group b
Staphylccoccus spp.
Leptospira spp.

Balantidium coli

Ascaris lumbricoidr -

Group i:b
Schistosoma spp.

Cercarial dermatitis

Dracunculus medinensis

Group b

Acanthamoeba spp.

Naegleria spp.

Non-cholerae Vibrio spp.

Pseudomonas spp.

Aeromonas spp.

<1d
¢ 7d

Few days

Few days to severa: months

4 to 6 wk or longer
4 to 6 wk or longer

10 to 14 mo

>7d
Jto7d
?

2d
1d

Low to high
Low
Low

Low

Low

Low

Medium

Meg. 1m
Medium to high
Medium to high
High

2 Median infective dose (organisms ingested and/or absorbed}): low < 102; medium = 10%;

high > 106,

b See text for definition.
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The fecus of the previous w:scussion is on the risk of infection assuming no treztment
of the water supply. If a treated-water supply is provided, the likely control of each of

the aforementioned groups uf water-washed and water-based organisms would be as
follows:

Group It slight,
Group II:  negligible for Schistosomiasis, but great for Dracontiasis, and
Group III:  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 issues 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 REGAR.:
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 organisms of military concern. In fact, most of the infectious organisms can be
conrsidered ubigquitous. especially in the Third World. Nevertheless, in this chapter we
describe two indicators useful as wamings that high concentrations of infectiocus organisms
may exist in the field water of a particular region. We also present data that were
available 1or determining specific locations of Schistosoma spp. and Dracunculus
medinensis in water of different regions globally.

INDICATORS OF HIGH CONCENTRATIONS CF INFECTIOUS ORGANISMS

A summary of the distribution of the common aquatic infectious organisms is shown in
Tables 1 and 2. These infectious organisms are ubiquitous, hut are found in higher
concentrations in some areas, particularly those with poor sanitation such as developing
countries. Figure 1 presents a map indicating the developing countries with poor
sanitation, These countries appear as shaded areas in the figure.

Infant mortality rates (deaths in infants less than 1y old) also can be used as an
indicator of areas where military personnel 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 with the greatest
likelihood of having high concentrations of infectious organisms in their natural waters,

It should be noted that very little information concerning waterbome disease
outbreaks in the U.S.S.R. and other Soviet Bloc countries was available. However, it may

be assumed that the commonly occurring waterbome pathogens that occur worldwide
would also be present in these countries.

* Sanitary Engineering and Environmental Health Research Laboratery (Building 112},
University of California, Richmond Field Station, Richmond, CA 94804.

6-1



Volume g

Table 1. Global distribution of waterboine infectious organisms.

Waterborne infectious organisms Distribution
BACTERIA:
Shigeila spp. Worldwide
Vibrio cholera Coastal areas in Asia, East and West
(Classical and El Tor) Africa, and isolated from coastal waters of
developed countries.
Campylobacter Worldwide
Escherichia coli Worldwide
Salmonella spp. Worldwide
Salmonella typhi Worldwide
Yersinia spp. Worldwide
VIRUSES:
Enteroviruses Worldwide
Norwalk agent Worldwide
Rotavirus Worldwide
Hepatitis A Worldwide
PARASITES:
Entamoeba histolytica Worldwide
Giardia lamblia Worldwide

WORLDWICE DISTRIBUTION OF DISEASE FROM SCHISTOSOMA SPP. AND
DRACUNCULUS MEDINENSIS

Data were available for the preparaticn of maps illustrating the distnibution of
disease from Schistosoma spp. and Dracunculus medinensis. The uaistribution of these
organisms and related diseases is described next. As discussed in Volume 6 of this study,
Infectious Organisms of Military Concem Associated with Nonconsuniptive Exposure:
Assessment of Health Risks and Recormmmendations for Establishing Related \‘Stand.ardsf,‘1
schistosomiasis is the infecticn caused by a trematode (blood fluke), Schistosoma spp.. the

t-2
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Table 2. Global distribution of water-washed and water-based infecticus organisms,

Water -washed and water based

infectious organisms Distribution
i!A(ITP_',RlA: | | 7 - . -
Non- cholera vibrio spp. Coadstal areas worldwide
Pseudomonas spp. Worldwide
Staphylococuus spp. Woridwide
l.eptospira spp. Warldwide
Aeromonas spp. Worldwide
PROTOZGA:
Acanthamoeba spp. Worldwide
waegleria spp. Worldwide
Balantidium spp. Worldwide
HELMINTHS:
Dracunculus medinensis India, Africh, Middle East, and South
America.
Ascans lumbricoides Worldwide
Schistosoma spp. Africa, Middie bast, India, Southeast Asia,

and Central and Souvth America

waterborne larvas of which enter the body directly by penetrating the skin; drace ntiasis 1s
the infection produced by the large nematode Dracunculus medinensis (commo..ly called
Gumea wormn) that enters the body when waterborne Cyclops copepods infected with its
larvae are consumed in drinlong water and these larvae subsequently are hiberated in the

higestive systennn.

Schistosoma mansoni, as shown n igs, 3 and 1 occurs in Afnca, predominately
2.3 ‘
T

butwesn the 15°N and 23°S parallels and has been reported o the Middle Fast,
believed that Afmcan slaves brougnt thns orgamsm ta South Amernca where 1t has
established a foothold along the eastern coastal regions north to Buerto Rico [Sqae Fig, 3).
Schistosommasts has iilso been reported in the tenor of Braz:) and bouatdor, as indicated

i gl 1,



49

Volume

‘seaze papeys se uoriejwes 100d Yjim s3LLUMod Furdoraaap oy dunempur deyy

~_ T T T T

3,09 -0 M 038 M. 0ct

1 aandy




(8N
O
©

9

Vol

————

HPIMPLIOW PR L0 LIE U O Sadue Arpopeanp s ey e

3 0t 3.09 .0 M 09 M 021 M3

-x Ed - b 2 d

e -

pauodsl ICN

[ b

fo?m
2501 > O} NA .

.
1
LR .
s R .ﬂ
.- -,
% N -
N - r L
N - -
- v z A -
T N : .\\ - a
. A 2T 3
oo o~ . = N -
s : : - ~
A l. J » . .
- \\ sy ] -
P .
Nl )
g -
‘- -

i




Volume 9

t - - R A
. AT T
ERN .o .
18° N | ’ - "5
. F ‘. P
o -\f"t J
. : S
3 ’ ‘
257 N
15° N 1
-
5° N 4
5% 5 1
15°S 1
255
157 o c » N (“5 - . . .
20° w 10° w 0 10° E 20° E 10°E 40° F 50° €

Figure 3. Distnbution of S mansoni in Africa (shaded areas).

6 -




20°S 1

30°S |

i

40°S

(

50'S ¢
<’
ZI/I\‘
. ).,>

60°S -
110°"W 100°W  90°W

S IR S

80°W  70°W

- e

60°W

T

50°W

Figure 4. Iistribution of §. mansoni in Latin Amertca (shaded area).

t 7

Volume §

g e

40°W  30°W




Volume 9

Schistosoma japonicuni, as shawn i Fig. 3. can be found i China, Japan, Celebes,
the Philippines, Laos, Canmbogia, and the southem portion of Viet Nam B

Schistosoma mekongi, as shown in Fig. b, s found in Southeast Asia. The ovgamsm s
present in the Mekong River from Pakse in southern Laos, to khong tsland, Laos, and south
to Strung Teng and Kratie, Cambodia (Kampuchea), Seree areas west of the Mekong River
aret infected in Thailand and Cambodia (Kampuchea). Isolated cases have been reported
Southern Thailand, Java. Indonesia, and M;*.la_vma."'

Schistosoma haematobium, as shown i kg, 7, 15 feund throughout most of Atricy,
particularly in Central and Southeastern Atyica and the Nile River Basino 1tas also found
in parts of the Middle Fast, with foci in Jordan, Syma, lraq, ran,  Arabue and

2. .
Yemen.” 116 -19

There 1s a small focus in India,

Dracunculus medinensis, as shown in Fig. 8. is found in Central and West Atfrica,
most of India, and portions of the Middle Fast. Seven states in India are endemic for
). medinensis, putting a population of 10 million persons at risk ot adverse health effects
in that country alone. Nigeria is the next most alflicted (;ountry‘g

Data concerning the concentrations in worldwide waters of the other water-related
infectious organisms should be obtained. This information would assist military planners
and nsk managers in identifying the geoagraphic regions of the wuorld that are of most
concern from the perspective of particular infectious organisms in field water.
Furthermore, the impact of specific infectious organisms in field water on exposed
populations of military personnel could be assessed in terms of both the known latency of

disease symptoms and accomphshment of military missions.

fi
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CHAPTER 7. SUMMARY AND CONCLUSIONS
J.I. Daniels* and D.W. Layton*

This velume can help military risk managers to assess the potential
performance-degrading health effects of particular constituents of field water (physical,
chemical, or biological) on expnsed personnel. Accompanying these data is an evaluvation
of the general physical, chemical, and biological quality of field water throughout the
waorld. The evaluations alerts military decision makers to high-risk locations in potential
theaters of operation.

PHYSICAL PROPERTIES AND CHEMICALS

Turbidity and coluor are the main physical properties of field water of military
significance. Total dissolved solids, chloride, magnesium, and sulfate are among the
inorganic constituenis 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
sorne of these chemicals produces laxative effects. In either case, water loss and
subsequent deliydration can degrade performance. Magnesium and sulfate are of most
concermn because they can induce laxative effects at concentrations below their taste
thresholds in unacclimated 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 ahdominal
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 world. Critical regions are those with (1)
high degrees of evaporation relative to precipitation, (2) areas near oceans, and
(3) locations 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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nccur through industnal contamination, altheugh nacuradly mgh drsenic concentrations an
ground water cocur anfrequently.  Rapud detovfication and volatihization i bodies ot
water make only the areas immediately cround industria sources ol particuldar concean
with regard to cyamde.

Organic chemicals are Lkely to be found i many field water supplies, Facept for
pesticides, they arve rarely found in concentrations high enough to degrade the health and
performance of exposed military personnel,  However, chould chemcal factories be
destroyed in military operations, high levels of organic chemicals could contiununate
nearby field-water supplies. Hence, chemical manufactunng centers and ol refineries
considered to bhe military targets, or adjacent to mnlitary targets, represent potential
sources of field-water contamination,

Among the pesticides of particular concern 15 lindane because 1t may occur al
elevated levels in field waters near agricultural areas, and it has been found where rice is
grown. Ingestion of field water containing excessive levels of lindane can produce such
performance-degrading health effects as nausea, dizziness, restlessness.  headoche,
vomiting, and abdominal pain.

INFECTIOUS ORGANISMS

Bacteria, viruses, and parasites (e.g., protozoa and helminths) are the groups of
water-related pathogens ol greatest military concern. These infectious organisms cause a
variety of performance-degrading diseases. They are found at highest concentrations in
developing countries with poor sanitation and high infant maortality, particularly in
equatonal Africa and Asia.

CONCLUSIONS

The information presented in this volume of the report will ard military planners and
risk managers to decide whether certain water constituents might reduce performance of
exposed military personnel and therveby jeopardize nmussion accomplishinent. Knowing the
quality of field water generally expected i geographic regions worldwide allows military
planners and risk managers to (1) anticipate water treatinent and monitoring capabilities
needed for a particular region, and (2) estunate the possible performance degrading health
risks that could result from the absence or fatlure of those capabilities.  Finally,
monitonng of field - water quality should always he practiced n (1) densely populated
areas, (Z)locations of intense agricultural  production, (3} sites  near andustnal
manufacturing centers. and {4) areas where dissolved solids are likely to reach high

concentrat ans,

72
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APPENLEN A
LOCATIONS AND PRODUCTION CAPACITIES OF
MAJOR ORGANIC CHEMICAL PRODUCTION CENTERS
AND PETROLEUM REFINERIES WORLDWIDE

Maps indicating the general location of major chemical production centers (Fig. A-1
through A 5) throughout the world (except in the U.S, and Canada) are presented in this
appendix. This appendix also contains six tables that identify the locations of these
facilities and major petroleum refineries (crude capacity » 200.000 b/cd), along with
estimates of their production capacities Specifically, Tables A-1 through A-5 indicate
the latitude, longitude and production capacities of the major organic chemical production
centers (i.e., combined total production of benzene, phthalic anhydride, methanol, phenol,
ethylene, polyvinyl chiloride (PVC), polyamides, polyethylene, styrene, butadiene, and
carbon black), anu Table A-6 contains such data for the major petroleum refineries
worldwide.
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Table A- 1. Organic Chemical Production Centers: Africa.!

Production
Marp Location {metric tons
Country City [ atitude Longitude x 1000)
Congo, D.R, Lubumbashi 11418 27.29E 50
(Zaire) Total: 50
S. Africa Modderfontein 26.05 S 28.10 E 150
Germiston 26.15 8§ 2810 E 100
Sasolburg 26.50 5 2751 E 500
Umbogintwini 30,01 8 30.55 E +
Paarl/Bellville 33.45 S 18.58 E 50
Port Elizabeti 33.58 S 25.36 E 50
Total: 850
+ Data unavailable,
Table A-2. Organic Chemical Production Centers: The Middle East.1
Production
Map Location (metric tons
Country City Latitude Longitude x 1000)
Egypt Helwan 29.51 N 31.20 E 50
{United Arab As Suways 29.586 N 32,33 E 150
Republic) Kafr £l Dawwar 31.08 N J0.08E _50
Total: 250
iran Abadan 30.20 N 48.15 E 50
Tehran 35.40 N 51.26 E 50
Total: 100
[srael Ashaod 31.45 N 3440 E 50
Haifa 32.49 M 34.59 E 100
Alkko 32.55 N 35,04 E 50
Total: 200
Turkey Derince 40.40 N 2947 E 50
40.48 N 29.58 E 400
Total: 450
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Table A-3. Organic Chemical Production Centers: Europe and the U.S.S.R.!

Production
Map Location (metric tons

Country City Latitude Longitude x 1000)
Austria Schwechat 18.09 N 16.29 K 600
Total: 5C0

Belgium Jemeppe 50.11 N 519 E 100
Tertre 50.28 N 348 E 50

Liege 50.38 N 5.34 E 50

Ronsarj 50.42 N 3.41 E 50

Zandvoorde 50.49 N 2.58 E 150

Zwijaarde 51.00 N 343 E 50

Gent 51.03 N 3.43 E 50

Terneuzen 51.04 N 3.44 E 1000

Willebroek 51.04 N 4,22 E 50

Zandvliet 51.03 N 5.08 E 100

Beek 51.09 N 5.36 E 700

Zelzate 51.12 N 349 E 150

Antwerpen 51.13 N 4.25 E 1600

Total: 4100

Bulgaria Dimitrovgrad 42.03 N 25.34 E 50
Burgas 42.30 N 27.29E 300

Kameno 42.33 N 2717 E 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 Lyzn:ici 49.22 N 14.43 E +

Valasske Mezirici 49.29 N 17.57 E 100

Pardubice 50.03 N 15.45 E 50

Kralupy Nad Vitavau 80.14 N 1419 E 100

Maost/Zalyzi 50.31 N 13.49 E 100

Total: 900

Denmark Nvborg 55.19 N 10.48 F 50
Kobenhavn/Kasttkup 55,43 N 1234 E 150

Total: 200

England Fawley 50.49 N 1.20 W 800
Hythe 51.05 N 1.05 E 100

Wilton 51.05 N 7.52 W 1750

Avanmouth 51.31 N 2.42 W 10

[Ifourd 51.33 N 0.06 E 5{Q)

Basildon 51.34 N 0.26 E 50

Port Talbat 51.36 N 3.47 W 50

Cheltenham 51.54 N 204 W 50
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Production
Map l.ocation (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
Carrington/
Warrington 53.26 N 2,24 W 650
Aintree 53.28 N 2.57 W 50
Stallingbourough 53.36 N 0.11 W 100
Scumthrope 53.36 N 0.38 W 100
Immingham 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 N 1.34 W 50
Hillhouse Uncertain Uncertain 00
Total: 6350
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 N 5.27 E 100
Pardies 43.22 N 0.34 W 300
Cite de Lavera 43.23 N 502 E 450
Lacqg 43,25 N 0.37 W 300
Berre |' 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
Sainit Fons 45,42 N 4,51 E 100
Feyzin 45,40 N 4,51 E 500
DBalan 45.50 N 5.05 E 200
Morntlucon 45.20 N 2.36 E 100
Besancon 47.14 N 6.02 E 10¢
Donges 47.19 N 2.04 W 50
Saint Nabord 48.03 N 6.35 E 50
Bezons 43.56 N 212 E 50
Sarralbe 49.00 N 7.01E 100
Carling 49,10 N 6.43 E 560
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Table A-3. (Continued)

Production

Map Location (metric tons

Country City Latitude Longitude x 1000V)
Marienay 49.11 N 6.52 £ 50

Villers 49.19 N 0.00 100

Ebange 49.19 N 6.08 E 50

Port Jerome 49.28 N 0.32 E 500

Gonfreville I.'Orcher 49,30 N 0.14 E 900

Chauny 44.37 N 3.14E 100

Tavaux 49.44 N 355 E 300

Tertry 49.52 N 3.04 K ah

Saint-Laurent-Blangy 50.18 N 248 E 50

Vendrin/Drogourt 50.23 N 2.55 E 50

Mazingarbe 50.28 N 2,42 E 50

Coquelles 50.56 N 1.48E _ 1nQ

Total: 6150

Germany

(East), DR Leuna 51.19 N 12.01 E 300
Schokopau 51.24 N 11.58 E 200

Bitterfeld F1.37 N 12.14 E 100

Guben 51.67 N 14,43 E 50

Erkner 52.25 N 13.45 E 50

Schwedt 53.04 N 1417 E 200

Total: 900

Germany

(West), FR Rheinfelden 47.34 N 7.48 E 100
Waldshut 47.37 N 8.13 E 50

Rheinburg 47.42 N 8.44E 100

Bremen 47.44 N 9.56 E 100

Oberhausen 47.47 N 11.08 E 50

Homberg 47.52 N 8.55 F 100

Hessen 47,54 N 10.18 E 50

Amberg 47 56 N 9.3 E 50

Hochst/Kelsterbach 47.57 N 8.16 E 1100

Neumunster 47.58 N 11.50 E 50

Freiburg im Breis 48.00 N 7.51 E 50

Ahlen/Kamen 48.08 N 939 E 100

Burgliausen 18.10 N 1250 E 600

Munchen 48.42 N 13.2B E 50

Hurth 48.56 N 10.56 E 50

Brebach 49.13 N 7.02 E 100

Ostringen 49.13 N 8431 E 50

Saarbrucken 49,14 N 7.00 E 100

Rorschach 49,15 N 8.07 E +

Ludwigshafen 49.29 N B.27 E 2100

Frankfurt 49.41 N 10.32 E 50
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Production

Map Location (metric tons
Countiry City Latitude Longitude x 1000)
Raunhein 50.01 N 8.27 E 50
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 6.50 E 450
Geisenkirchen 51.02 N 6.10 E 900
Dormagen 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 51.18 N 8.02 E 50
Untrop 51.24 N 8.05 E 50
Bochum/Wanne-eickel 51.29 N 713 E 300
Kamp-Lintfort 51.30 N 6.32 F 50
Bottrop 51.31 N 6.55 E 50
Dorimund 51.31 N 7.27E 250
Dinslaken 51.34 N 6.44 E 100
Gladbeck 51.37 N 9.57 E 300
Erkenschwick 51.38 N 7.15 E 50
Marl/Schoiven 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 £.58 E 150
Peine 52.19 N 10.14 E 50
Misburg 52.23 N 9.51 E 50
Lingen 52.32 N 719 E 50
Essen/Aitenessen 52.42 N 7.55 E 100
Bremerhaven 53.33 N 835 E 50
Hamburg 53.33 N 10.00 E 1E0
Lubeck 53.52 N 10.42 E B0
Kohn/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 30.42 N 2247 E 50
Total: 150
Hungary Szolnok 47.1C N 20.11 & 50
Total: 50
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Map Location

Country City Latitude Longitude
Ireland Sligo 54.17 N 8.28 W
Antrim 54.43 N 6.13 W
Italy Ragusa 36.55 N 14,44 E
Gela 37.014 N 14.15 E
Priolo Gargallo 37.09 N 1511 E
Sarroch 39.04 N 9.00 E
Caglian 39.13 N 9.07 E
Assemini 3917 N 9.00 E
Sibari 39.45 N 16.27 E
Pisticci/Ferrandina 40,23 N 16.33 E
Ferrandina 40.29 N 16.27 E
Brindisi 10.38 N 17.56 E
Porto Torres 40.53d N 8.24 E
Napoli 30.50N 14.15 E
Carnello 1.1 N 13.37 E
Colleferro 41.44 N 1259 E
Cesano 42.05 N 12.21 E
Term 42.34 N 12.37 E
Castezvecchio 42.53 N 13.01 E
Rosignano Solvay 43.23 N 10.26 E
Forli 4413 N 12.03 E
Cengio 44,23 N 8.12 E
Ravenna 44.25 N 1212 E
Ferrara 44.50 N 11.35 E
Fidenza 44,52 N 10.03 F
Trecenta 45.02 N 11.28 B
Mantova 45.09 N 10.48 E
Crespiatica 45.21 N 9.34 E
Padova 45.25 N 11.53 E
Ivrea 45,28 N 7.53 E
Marghera 45.28 N 12.14 E
Rho/Milano 45,32 N 9.02 E
Castellanza 45.37 N 8.54 F
Maderno 45.48 N 10.35 E
Trieste 45.40 N 13.46 E
Bergamo 35.41 N 9.43 K
Trento 46.04 N 11.08 E
Luxembourg Echternach 49.49 N 6.25 E

Production
(metric tons
x 1000)

5{)
00
Tetal: 100

250
150
200
100
100
100
500
150
100
5580
900
100
50
50
100
100
50
200
50
100
450
500
100
50
100
50
50
50
1150
250
100
100G
100
100
150
Total: 7400

Total: 50
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Table A-3. {Continued)

Production
Map Location {metric tons
Country City Latitude Longitude x 1000)
Netheriands Moerdijk 51.42 N 4,38 E 300
Permnis 51.54 N 423 E 600
Rozenburg 51.55 N 415 E 150
Rotterdam 51.556 N 429 F 400
Europoort 51.69 N 4.06 E 500
Arnhem 3200 N 5.83 E 100
Uithoorn 52.14 N 4,50 E 100
Amsterdam 52,21 N 454 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 M 545 E 100
Mo 66.19 N 1410 E 50
Total: 150
Poiand Oswiecim 50.02 N 18.11 E 100
Plock 52.33 N 1640 E 8060
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 24.501 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 46,356 N 23.50 E 50
Piatra Neamt 46.53 N 26.23 E 50
Total: 750
Scotland Stevenson 55.39 N 4,45 W 300
Glasgow 55.583 N 4,15 W 50
Grangemouth 56.01 N 3.44 W 1250
Invergordon 57.42 N 4.10 W 300
Total: 1900
Spain San Roque 36.13 N 524 W 50
Huelva 37.15 N 656 W 300
Seviila 37.24 N 559 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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Tabie A 3. (Continued)
Production
Map Location (rmetric tons
Country City Latitudee lrm;.,ltudv N LO00)
Spam Tarrangona 31,07 N L1 B 0
Barcelong 41 04 N 21K {30
Z.aragoza 31.48 N .63 W )|
San Celoni 3111 N 2.29 F a0
Monzon 41.58 N 0.12 E a0
Porto 42,04 N B3z W 50
Sobrado 12,19 N 7.14 W H)
Sabinanigo 42,31 N 0.22 W 5
Miranda de Ebro 1241 N 2.H7 W 150
Andoain 43,13 N 2N W 50
Billbao 13,15 N 2.58 W 50
Mieres 43.15 N hoib W a()
Luchana/Ortuella 1317 N .59 W 50
Torrelavega 1321 N 103 W 150
Limpias 43.22 N 3.258 W 30
Santander 13.98 N Ja8W o 00
Total: 2600
Sweden Malmao 55.35 N 1! U0 E 50
Boras 57.44 N 2.5 B a0
Gioteborg 57.45 N 12.00 E H(
Stenungsund 58.05 N 11.55 E 150
Nynashamn 58.54 N 17.55 E a0
Stockholm/Oxelosund  59.20 N 18.95 £ 150
Karlstad 59.24 N 13.32 E .50
Total: 850
Switzerland Grono 46.15 N 9.09 F 50
Visp 46.18 N 7.51 FE 50
Domat 46,51 N 9,28 E 50
Bmgg 47 294 N 813 K 50
Pratteln 47.32 N 7.42 1 50
l()tal 250
USSR Rustavi J1.44 N 45,03 E 50
Groznyy 1421 N 49 42 K 130
Furyev 47,08 N 51.549 § H0)
Noavocherkassk 47.25 N 40.05 ¥ 50
Sverdlovsk i8.05 N 31937 £ 50
Rubezhnoye 49.01 N 3822 B 50)
Karaganda 49.85 N 7311 F 50
Saratov/Engei s 51.30 N ih bR K 100
Vaoronezh 51.40 N J9.13 B a0
Mozyr 52.02 N 2910k ()
Sterlitamak 53.04 N 55.569 50
Novokuybyshevsk 53.06 N 49,59 F 1)
Yefremov 53.08 N 38.08 b 50)
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Tahle A-3. {Continued)

Production

_____Map lLocation _~ (metrc tons
Country City Latitude Longitude x 1000)
Barnaul 5312 N 83.50 F a0
Salavat 534,22 N 5550 FE 50
Stavropol/Tolyatti 53,32 N 49.24 FE 100
Sterlitamak 53,40 N 55.899 E 50
Dzerzhinsk 53,41 N 27.08 E 100
Novomoskovsk 54.06 N 18.15 K 50
Tula 54,11 N 37.38 E 300
Ufa/Salavat 54.45 N 55.58 F 150
Omyd’ 55.00 N 73.22 FE 50
Nu.ojibirsk 55,04 N 83.00 K 50
Polotck 55.30 N 28.43 E 200
Kazan 558.46 N 49.10 E 400
Volzhsk 55.51 N 48.22 K 50
Krasnoyarsk 56.10 N 93.00 E 50
Y aroslavl 57.04 N 39.52 E 50
Leningrad 59.58 N 30.25 E 100
Not indicated Uncertain  Uncertain _ 1600
Total: 4150
Wales Barry 51.24 N g w 300
Port Talbot 51,36 N 347 W 50
Swansea 51,38 N 3.57 W 50
Pontypool 51.43 N 302 W 300
Milford Haven 51.44 N 5.02 W 300
Lianwnen 52.06 N 4.09 W 100
Rauben 52.59 N 3.02 W 50
Hawarden 53.11 N 3.02 W 50
Baglan Bay Uncertain Uncertain 400
Total; 1600
Yugoslavia Skopje 42.00 N 21.29 K 100
Lesknval 421t N 20.44 E 50
Prizren 42,13 N 20.45 E 50
Corazde 42,82 N 19.58 k. a0
Vitkovice 42.58 N 20.33 F 50
Zenica 43.18 N 19.21 K 50
Lukavac 4333 N 21.16 E 100
Teslic 44.37 N 17.62 K 50
Kastel Sucurac 45.27 N 1339 E 50
Zagreb 45.48 N 16.00 L 100
Maoste 1612 N 14.33 F 50
Total: 700




Table A 4. Organie Chemical Penduction Centers: Agial

Country

{.hina

india

Japan

Island

Hokkaido

Honshu
Honshuy

ity

Tao: yuan
Shang haj
L.an ¢hou
T al yuan

Tutibrin

‘“Mettur

Madrus

Vishakapatnan

Thana/Bombay/
Hanvel/
Trombhay

Chemnbur

Haroda

Calcutta

Durgapur

Kota

Bareilly

Muroran
Tonatsu

Shiga

Ube

Bofu
Tokuyama
lwakuwi/(take
Nishiki
Wakayami
Mihara

Sakai
Okayama
Takasago
Amagaski/Suita
Hirohata
Himeji/Befu
Ui

Okazaki Aichi
Yokkaichi
Mishima
Nagoya

Kama Kuki
Ofuna
l:hihara

-16

Viodunmwe 9

Map Location

Latitade

dH.hh N
t1.14 N
S0 N
1750

HAHN
Lot N
1300 N
1748 N

18.56 N
19.03 N
2219 N
22,35 N
24,47 N
2511 N
28,20 N

42.1
43.1
44.0

=2 =
=Z2Z

34,04 N
34.04 N
J4.10 N
3412 N
1414 N
3424 N
39.34 N
3440 N
44,41 N
1442 N
34,48 N
34,50 N
J4.54 N
34.58 N
15.00 N
35,06 N
35.08 N
35,18 N
4620 N
45.26 N

Longitude

1L b6 b
121.25 b
13440 |
(RGO

THO0
TTALE
q0.18 K
#43.09 K

140.56 E
141.54 E
143,28 &
131.16 E
13134 B
131.48 E
13210 E
136.24 B
135.10 K
133,06 B
135.28 K
133.54 K
134.48 F
135.28 K
134,38 K
134.42 F
135.48 E
137,10 E
136.40 kK
138.56 E
Y3656 K
39.34 |
134,36 K

Total: 2750

Production
(metne tans
v 1000)

o)
1]
100
i)
Fotal: 2o

al)
ol
150
100

700
50
1300
al)
100
50
150

100
50
100
50
100
900
450
100
a0
h0
800
1)
100
o)
5()
800
100
150}
850
50
400
H0
100
100



Table A-4. (Continued).

Country tsland

City

Kyushu

Shikoku

Uncertain

Malaysia
(Singapore)

Pakistan, East
(Bangladesh)
Pakistan,

West

Phillipine Isiands

Yokahama and

Kawasaki
Goi/Anegasaki/
Sodegaura
Chiba
Tokyo
Yoshiba
Kashima
Mizushima
Takaoka
Uozu
Naoetsu/{Omi
Shibukawa
Niigata
Sakata
Akita
Kurosaki
Osaka
Minamata
Nobeoka
Ormata
K.Kumoto/Oita/
Tsuraki
Matsuyama
Ohe/Niithama
Tokushima
Takeo
Tsurusaki
Tobata/Wakamatsu

Singapore
Chita-Hanto

Chandraghona

Karachi
Lyallpur

Bataan

Volume 9

Production

_ Map Location {metric tons

Latitude Longitude x 1000)

35,28 N 139.28 E 3300
35.30 N 140.06 F 1400
35.36 N 140.08 E 1400
J5.40 N 139.46 E 100
35,40 N 140.28 E 100
315.58 N 140.38 E 700
36,28 N 136.32 K 850
36.44 N 137.00 F, 300
316.4B N 137.24 E 100
37.10 N 138.14 E 150
37.38 N 140.28 E 50
37.56 N 139.04 E 300
38.55 N 139.51 E 50
38,42 N 140.08 E 160
40.00 N 141,56 E 150
40.36 N 141.14 E 250
32.12 N 130.24 E 100
32.34 N 131.40 E 50
33.02 N 130.28 E 150
33.14 N 131.36 E 100
33.50 N 132.46 E 100
33.68 N 133.16 E 400
34.04 N 134.34 E 100
33.12 N 130.00 E 100
33.14 N 131.42 E 300
33.54 N 130.50 E 400
Total: 16,650
1.20 N 103.50 K 50
Uncertain Uncertain 50
Total: 100
22.27 N 92.09 E , 50
Total; 50
24.51 N 6T.02 K 50
31.25 N 73.08 E _ 50
Total: 100
14.23 N 120,36 K 50
Total: 50



Tahle A-4. (Continued).

{lountry Island

South Karea

Taiwan

Thailand

City

[Hsan
Taegu
Anyang-m
Inch on
Soul

Kao-Hsiung
Miao-L.i
Chi- Lung
Tou-Fen

Bangkok/Krung
Thep
Sathani Don Chai

Latitude

45,32
35.52
37,23
17.30
37,32

VAV AV A4

22.36 N
2433 N
25 10N
Ungertain

13.44 N
18.00 N

+ Data unavailable.

-18

Map lovation

Volute o

Produdc ion
(et ric tons

Longitude N HO00)
129.21 F 3060
128.36 k. Al
126.55 Al
126,38 K 100
127,00 ¥ 10
Total: GO0
12017 B 150
120.48 K 50
121.43 K 50
lincertain 100

Total: 550

100.30 E 50
100.06 E s
Total.__50
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Table A-5. Organic Chemical Production Centers: Latin Americal

Preduction
Map Location (metric tons

Country City L.atitude Longitude x 1000)
Argentina San Joaquin 31.57 8 58.42 W 50
Rio Tercero 32.15 8§ 64.08 W 150
San Lorenzo 32.45 S B601.45 W 550
San Nicolas 33.25 S B80.15 W 300
Mercedes 33.41 8 65.28 W 50
Zarate 34.07 § 59.00 W 400
Campana 34.108 59.65 W 100
Pilar 34.28 S 54.48 W 100
Rawson 34.34 S 60.05 W +

Ensenada/ Jose
Hemandez 34.50 8 57.54 W 50
La Plata 34.52 8§ 57.556 W 50
Bahia Blanca 38.45 S 62.156 W 400
Moron 41.08 5 63.22 W 50
Total: 2250
Brazil Caxias 4,53 S 43.20 W 100
Recife B.N6 § 3J4.53 W 100
Maceia 9,34 S 3547 W 100
Camacari 12.44 S 38.16 W 300
Candeias 20,44 S 45.18 W 50
Rio de Janeiro 22538 43.17 W 100
Jundiai 23.10 8 48.54 W 50

J'ao Paulu/

Santo Andre 23.33 8§ 46.39 W 200
Cubatao 23.563 8 46.26 W 600
Piassaguera/Santos 23.56 S 46.22 W 100
Capuava 24.00 S 48.00 W 700
Total: 2400
Chile San Vicente 34.27 8 71.05 W 100
Concepcion 36.50 S 73.03 W 100
Total: 200
Colombia Cali 3.24 N 76.30 W 50
Bogota 4,38 N 74.05 W 50
Zula 4.57 N 75.28 W 300
Medellin 6.15 N 75.36 W 100
Barrancabermeja 7.06 N 73.54 W 200
Cartagena/Mamonal 10,24 N 75.33 W 159
Total: B50
Dominican San Juan 18.49 N 7112 W 100
Republic Total: 100



Table A-5. {Continued)

Country

Mexico

Peru

Puerto Rico

Uruguay

Venezuela

Minatitlap
Cortza Coalcos
San Christobal
Cuernaviaca
Puebla
Tlaxcala
Toluca

Mexico City
Poza Rica
Salanianca
Irapuato
Madero
Monterrey

Paramonga
Lima

Guayama
Poance
Penaelas
Arecibo
Guayannila

Montevideo

Valencia
Caracas

+ [Jata unavailable.

-20

Map location

L.atitude
17.5¢
18.
IH.2:
18.57
1410
19.2(0
19,2

19.25

222

[

N

~3
Z

Z

T
i

oo
pd

I

=

Lo o
e o e e A
[l s o R SRR
22227274

JOIE G S S ]

10.42 S
12.06 S

18.00 N
18.01 N
18.03 N
18.28 N
Uncertain

34.55 S

10,14 N
10.36 N

Longitude X 1000)
94,32 W 380
94.25 W 50
95.44 W 50
99.15 W 50
98.10 W 100
98,12 W 50
99 40 W 50
99,10 W 250
97.26 W 100

101.12 W 200

101.40 W 50
a7.50 W 1560

10020 W 50

Total: 1800
7700 W 50
77.03W 50
Total: 100
656.07 W 150
66.36 W 20
656.43 W 760
66.44 W 100
Uncertain 800
Total: 1850
56.10 W _ 50
Total: 50
67.58 W 100
66.56 W 50

Volume 9

Production

(metric tons

Total: 150




Table A-6. Major oil refineries worldwide, excluding USA and Canada (capacities as of

January, 1982).3

Volume 9

Crude capacity

Region Country City lb/cd)b

Latin America Argentina Ensenada 216,000
Brazil Paulinia, Sao Paulo 325,700
Brazil Duque de Caxias/ Rio de Janeiro 256,900
Mexico Cadereyta 235,000
Mexico Cangrejera 200,000
Meaxico Salamanila 200,000
Venezuela Amuay Bay 639,000
Venezuela Candon 325,210

Middle East Bahrain Awali 250,000
Iran Tehran 210,000
Iran Esfahan 200,000
Kuwait Mena Al- Ahmadi 250,000
Saudi Arabia Ras Tanura 415,000

Far East

and Japan Japan Chiba 661,000¢
Japan Yokkaichi 491,000d
Japan Mizushima 478,200d
Japan Negishi 330,000
South Korea Yosu 355,000
South Korea Ulsan 265,000
Taiwan Kaohsiung 425,000

Europe Ausiria Schwechat 244,000
Belgium Antwerpen 321,400
Finland Porvoo 243,000
France Berre L' Etang 210,000
France La Meade 200,000
France L' Orcher 454,000
France Petit Couronne 382,000
[taly Trecate, Novara 215,000
Italy Sicily 505,000
Italy Siracusa 481,200d
ftaly Sarroch 360,000
Italy Ravenna 240,000
Italy Burgondi 230,000
Italy Melilli 220,000
Netheriands Pernis 790,0{)0d
Portugal Sines 225,000
Spain Somorrostro, Vizcaya 240,000
Spain Cartagena, Maicia 220,000
Sweden Brofjoraen-Lysekil 220,000
United Kingdom  Fawley 294,000
United Kingdom  Stanlow 250,000
United Kingdom  Isle of Grain 211,000
West Germany Geilsenkirchen 267,000

A-21
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Table A-6. (Continued)

Crude capacity
Region Countiy Ciuy (b/cd)b

Canbbean

Islands and Bahamas Freeport 500,000
West Indies Netherlands
Antilles Aruba 420,000
Netherlands
Antilles Curacao 362,000
Trinidad Pointe -a-Pierre 356,000
. ) S
From Ref. 2.

b Crude capacitv of 200,000 b/cd (barrels per calendar day) and over.
¢ Represents a total of three refineries.

d Represents a total of two refineries.
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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 personnel 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

uote, however, that lindane use may vary greatly according to the cultural practices used
to grow rice.
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| Major agricultural area . Major rice-producing area
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Figure B-1. Major agricultural and rice-producing areas in Africa. Based on information
in Refs. 1 and 2.
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Major agricultural area . Major rice-producing area

T

65 N ->

55 N
45°N -
35°N
15" W 5° W 5°E 15°E 25°E 35°E 45°E 55°E 65 E
Figure B-3. Major agricultural and rice-producing areas in . ~ne 1d the 1.5, S.R. Based

on information in Refs. 1 and 2.
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{ Major agricultural area . Major rice-producing area
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Fxgt}.ire B-4. Major agncuitural and rice-producing areas in Asia. Based on information in
Refs. 1 and ..
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Major agricultural area n Major nca-producing area
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Figure B-5. Major agricultural and rice-producing areas in Latin America. Based on
information n Refs. 1 and 2.
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APPENDIX C
GRAPHS SHOWING THE RISK CF ILLNESS FOR MILITARY
POPULATIONS CONSUMING FIELD WATER CONTAINING
WATERBORNE INFECT!IOQUS ORCANISMS OF MILITARY CONCERN

Waterborne infectious organisms of military concern in the field water of developed
and develop'ng countries were evaluated in Volume 5 in terms of their risk of cavsing
illness in exposed populaticns of up to 20 military personnel.1 These evaluations were
performed 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 frorn this analysis. We emphasize that the risk curves
contained in this appendix were based on generalized assumptions and data, which are
described in detail in Volume 5. [mproved 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 visk curves appearng in this appendix (Figs. C-1 th ough C-11) were adapted
from Figs. 11, 13 through 18, and 20 through 23 of Volume 5. These adapted versions of
the figures from Volume 5 facilitate interpretation. For example, in Fig. C-1 (adapted
from Fig. 11 in Volume 5) there is 2 50% probability (i.e., level of risk) that more than 8%
of the exposed military population could become il! from exposure to Shigella spp. in the
treated (i.e., 2- to 5-log 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 in Volume 5, the fraction of ill troops was converted to a
percentage 1ll for plotting on the X-axis (insteau ~f the Y-axis), and the corresponding
cumulative probability was converted to a level o® risk in un:ts of percent for plotting on
the Y-axis (instead of the X-axis)., The percentage ill was calculated as the fraction ill
multiplied by 100. The level of risk in units of percent was equal to one minus the
cumulative probability, which was then multiplied by 100.
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Figure C-1 (adapted from Fig. 11 in Vol. 5). Cumulative-risk curves showing effect of
treatment efficiency, organism-concentration parameters, and volume of water consumed
on the risk of becoming ill as a consequence of consumption of shigella spp. in drinking
water. Each curve was determined using (1) n = 20 troops and ill = dizease symptoms;
(2) an exponential dose-response relationship; (3) a yeometnic mean (Gm) of 100 org/L and
a geometric standard deviation (GSD) of 50 was used for orgamsm concentrations in
developed countries, and a GM = 1000 and a GSD - 500 was used for orgamsmn
concentrations in developing countries; and (4) treatment efficiency equivalent to no
treatmeni was used for constructing the high-risk curve and a treatment etficiency range
of 2- to 5-log removals was used for constructing hoth low -risk curves.
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80 Y
I T ! T T T T T
60 - B
High risk (deveioping couniries)
g |
x -~
]
S 40}
% .
>
s
P
20 |- -
I Low risk -
/ (developing countries)
o A J A i n j L . i

Percent il trom Vitrio cholerae El Tor

Figure C-2 (adapted from Fig. 13 in Vol. 5). Cumulative-risk curves showing effect of
treatment efficiency on the risk of becoming ill as a vonsequence of consumption of Vibrio
cholerae El Tor in drinking water. Each curve was determined using {1) n = 20 troops and
ill = disease symptoms; (2) an logistic dose-response relationship; (3) a dose distribution
with GM = 32 orgamisms/L and a GSD - 15, and (4) treatment efficiency equivalent to
either no treatment in high-risk curve, or 2- to 5-log reinovals at the low-risk point,
which 1implies that no troops will be affected.
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Figure C-3 (adapted from Fig. 14 1n Vol. 5). Cumulative-risk curves Showmgthiﬂlﬁilt( (())ff
change in treatment efficiency and organism—copcentratmn pararrée;eis Onwater sk of
becoming 1!l as a consequence of consumption of Cgmpylpbacter in drin mgz‘ ‘ l‘ . orm‘al
curve was determined using (1) n = 20 troaps and ill - disease symptoms, {2 a to‘g?us hal
dose-response relationship. However, the GM qf the organism | cqncemf;xnxnes for
developed countries was 100 organisms/[. with a GSD - 50, fmw (_ievF oping Cf)lent “; he
GM = 300 organisms/L. with a GSD = 150. A treatment efficiency HQUIV'dl ‘nt Lo e
treatment was used for the high-risk curve, and a treatment efficiency equivale 2
5-log removals was used for both low risk 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 Escherichia coli in drinking water. Each
curve was determined using (1) n = 20 troops and il = disease symptoms and (2) a
lognormal dose-response relationship. However, a concentrations distribution with a
GM = 2,000 organisms/L. and a GSD =? was used for developed countries, and the
concentration distribution with a the GM - 20,000 organisms/}. and a GSD = 35 was used
for developing countries. A treatment efficiency equivalant to no treatment was used for

the high-risk curve, and a treaument efficiency equivalent to 2- te 5-log removals was
used for both low-nsk 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 water. Each
curve was determined using (1) n = 20 troops and ill = disease symptoms, and (2) an
exponential dose-response relationship. However, a cencentrations distribution with a
GM = 172 organisms/L and a GSD = 99 was used for developed countries, and the
concentration distribution with a the CM = 221 organisms/L and a GSD - 100 was used for
developing countries. A treatment efficiency equivalent to no treatment was used for the
high-rnisk curve, and a treatment cfficiency equivalent to 2 - to 5-log removals was used
for both low-risk 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 typhi in drinking water. Each
curve was determined using (1) n = 20 troops and ill = disease symptoms, and (2) a logistic
dose-response relationship. However, a concentrations distribution with a
CM = 172 organisms/L and a GSD - 99 was used for developed countries, and a
concentration distribution with a the GM = 221 organisms/L and a GSD = 100 was used for
developing countries. A treatment efficiency equivalent to no treatment was used for the

high-nsk curve, and a treatment efficiency equivalent to 2- to 5-loy removals was used
for both lew-risk curves.
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Figure C-7 (adapted from Fig. 18 in Vol. 5, and considered more reasonable than results in
Fig. A-6, based on existing incidence of typhoid fever). 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 typhi in drinking
water. Each curve was determined using (1) n = 20 troops and ill - disease symptoms, (2) a
logistic dose-response relationship; (3)a concentration distribution with a
CM = 17 organisms/L and a GSD = 9; and (4) treatment efficiency equivalent to no
treavment 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
change in treatment efficiencies and organism-concentration parameters on the risk of
cecoming ill as a consequence of consumption of Yersinia spp. in drinking water. Each
cirve was determined using (1) n - 20 truops and ill = disease symptoms, and (2} a
lognormal dose-response relationship. However, a concentrations distribution with a
CM =100 organisms/L. and a GSD - 50 was used for developed countiies, 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 drinking water. The
curve were determined using (1) n = 20 troops and ill = disease symptoms; (2} a lognormal
dose-response relationship; (3) a dose distribution with a2 GM = 113 organisms/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-10 (adapted from Fig. 22 in Vol. 5), Cumulative-risk curves showing effect of
change in treatment efficiencias and organism-concentration parameters on the risk of
becorning ill as a consequence of consumption of Entamneba histolytica in drinking water.
The curve were determined using (1) n = 20 trocops 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 equivalent to no treatment was used for high-nisk

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-11 (adapted from Fig. 21 in Vol. 5). Cumulative-risk curves showing effect of
change in treatment efficiencies and organism-concentration parameters on the nsk of
becoming ill as a consequence of consumption of Giardia lamblia in drinking water. The
curve were determined wusing (1) n = 20 troops and 1ll = 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- 10 5-log removals in both low-risk curves.
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