
,4o—Ao61 770 ARMY JEDICAL BIOENGINEERING RESEARCH AND DEVELOPMENT ETC F’S IFS

DC HAZA~~
) RAmIIS Mt ALLOCATION METHODOLOGY: EVALUATION OF TN —CTC(U)

SEP 76 N 4 SMALL
~ ICLASSIFIED USAPSRDL—TR—1808 it

286770

_ _  

-I Un
H I! 

_ _

_ _ _ _ _ _ _  

ii



LEVEL~1AD 
_ _ _ _ _

TECHNICAL REPORT 7808

THE HAZARD RANKING AND ALLOCATION METFODO LOGY:

EVALUATION OF TNT WAST EWATERS FOR

CONTINU ING RESEARC H EFFORTS

©
MITCHELL 3. SMALL

US ARMY MEDICAL BIOENGINEERINC RESEARCH and DEVELOPMENT LABORATORY
j Fort Detrick

Frederick, Md. 21701

SEPTE~1BER 1978 fJ D

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

[~)~ 1~[Fflfl fl[Ffl
____________________________ ~~C 1 ~91B

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED. D

US ARMY MEDtCAL RESEARCH AND DEVELOPMENT COMMAND
Fort Detrick
Frederick , MD 21701

~~ A , ~~~~~~ -~i~~~~ ~~~~~~~~~~~~~~~~ i~4



&

NOTICE

Disclaimer

The findings in this report are not to be construed as an official
Depar~nent of the Army position unless so designate

d by other authori zed
documents.

Dispositi on

Destroy this report when it is no longer needed. Do not return it
to the originator.



UNCLASSI FIED
SECURITY CLASSIF ICA TION OF THIS PAG E (Wh en Date Entered) _____________________________________

~~~~~~ ~~~~ ~ ‘ra~rsflkI ~~AI’~~~ READ INSTRUCTION S
r~ r~j i~ i i.,u~ uMc N I MI I’J1~ r e ~ ’.~’. BEFORE COMPLET IN G FORM

I. REPORT NUMBER 2. GOVT ACCE SSION NO. 3. R ç 4 P I E N T S  C A T A L O G  NUMBER

TECHNICAL REPORT 7808 -

~ ‘7
- ~~~~~~~~I f)  ~~~~~~~~ . ~~~~~~~~~ .. 5

’
~~~~yPE OF REPORT & PEPI OD COVERED

Special Repert.
~~ THE .BAZA RD RANKING AND ALLOCAT ION ~iETHODOLOGY : I Febt~~~y - A r~~ ~~78

EV A LUATION OF TNT ~IAST EWATERS FOR CONTI NUING 
p

..RESEARC H EFFORTS , 6. PER~~O~~M1NçQ . R ~~P~O R TN U  R /
7 AUTHOWT3~~~~~~~~~~~~~~~~ 8. C O NT R A C T  OR GRANT NUM B ri ~~~

~ 

.. -

f/I
MITCHELL J. ~MALL

9 PERFORUIbI G O R G A N I Z A T I O N  NAM E AND ADDRESS ~0 PROG RAM ELEMENT . PROJ ECT . TASK
A R E A  & WORK UNIT liJJMBE RS

US Army Medical Bi oengi neering Research /

Fort Det r ick , Freder ick s MD 2170 1 ~~~ 3E76? 7~~~~~5 OO/l 22
~ I CO NT RO L! . 1N0 ~~-~~ l CE NAME A N O  ADDRESS 12. REPORT QAT ~

US Army Medical Resea rch & Development Command “7’ ~Sep t.~~ er ~978 j
ATT ~ : SC~~ -C .J
Fort Det r ic~~jrederick. MD 21701 72
14 ~A ON,~~~~0 (~~A~~~~. C Y ~~4 A M F  & SDDRESS( II dtlf reo f from Controt iinA Of f i c e )  15. SECUR iTY CLASS.  (of th,. report)

UNCLASS IFIED
“.. -i ~ ~ I 15.. OEC LA S S I F ICA T ,ON / O OWN G RAD ING
/ .

‘~~ DIS 1 p i D J f l ) N  r A T F M E N T  (of th i , ,  1~e~’ , ’ r i )

.Approver~ for u~ J i.c~ release; distribution unlimited .

~~~~ 

ç 
‘
,~ 

- ‘, r - 

- , ‘/‘/

l1~ O ISTR’ BUTION ST ~
‘‘ ‘.4EN T (of lh., eb~ tfact entered in Oiock 2~ , If differen t from Repor t )

18. SUPPL~~MEt. lA D Y  wc ~~ ES 

~~~~~~ ~~dO ‘ OC~~~Oe1ry and i de n t i ty  hr h ic k number )

Tn ‘r~ t roto ] L ’ne T~ T “Co ndensate Water ” Monte—Carlo simulations
Dinit r to~~ene Hazard anal ys is
Phot ; i ys is  Researc h eval uat ion
Volat ’~~it ’, System ana lysis

\...~ ,[1) ‘~~~~ 1 (C.,, ’l tnoe .vr co er ce aid.. if nemee.ary and Iden t i fy  by b j , ~~ number)

i~ r~ j o r ‘,~astew a t Er  product from 2 ,4 ,6-trinitroto luene manufac ture is
d’c~~.~i’~ns~ te waLe r .~~ Yhirty compounds have been determined to occur relatively
f rea~~ rtly I n ~~or,densate water ,~ incl udi ng mono— , di — and tn ni trotoluenes ,
d i— d rd  t rini tro °~zene , and arni no-dini troto luenes . Research has been underway
to cha~~c~e r ize the acut e tox ic  rature of these compounds to aquatic s pecies .
~esc~ r~ ’ ~~~~~~ a lso been dono to assess the mutagenic activi ty of thes e compou nds
V 1~~ ~‘~~‘ / Jnes/~~lmone1~ a iiicrobia~ bioassay.~~These res earch effor ts  were

r ~~QRM iaw ~.~~ ~~~~~ EOIT ~ON OF ‘N)V 9O~ &,LETE~~~~ UNCLASSIFIED
— —- .. — ~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(W1,., Data Int .r.d)

20. Abstract.
revi ewed and future efforts assessed at a meeting at this Laborato ry on
23—24 Feb 1978.

As part of this assessment , the Hazard Ranking and Allocat ion Methodology
was performed on compounds of i nterest. This analysis is based on estimations
of hazard and the qual ity of these estimates . The estimate quality is
expressed as a nume ri c q uantity cal led uncertainty . The most favore d research
project is that which w ill bring about the largest decrease in the product
(hazard x uncertainty ) per research dollar spent.

Data inputs to the methodology include pollutant discharges , populations
(human and other speci es ) at risk , characteristics of pollutant travel in
streams (flow and trave l time), e ffects of concern and thei r “cost, ” and toxi-
cology data relevant to each effect for each compound. The data base was
upda ted to reflect research findi ngs . The procedu res used are herei n explained.

The systems analysis is performed in two parts . The firs t part is a hazard
analys is. This gives a view of the compounds in a cost pers pecti ve and pro-
vides a means to weed out research pnojects which are very marginal in terms of
allocation criteria. 2,4,6—Trinitroto luene posed the greates t hazard of all
com pounds , a l though a l arge por ti on of th is was from di schar ges n ot co ns i dered
“condensate water.” Other com poun ds which ranked high in hazard were 2 ,3,6—
trinitrotoluene , l ,3— dinitroben zene , and 5— a~:~

4 no— 2,4—dinitn eto l uene. The major
• component o hazard was to the envi ronr’ent (as expressed in terms of fish)

- rather than to humans (In terms of effects from ingesti on of contaminated
water ).

The research al locat ion analysis w as performed on 20 p rojec ts. They
involved 10 compounds and two studi es : ( 1) a l ifetime mammal ian study and• (2) an in—depth acute aquati c bioassay . The analysis indi cated that any
compound/acute aquati c bioassay project was favored over any compound / mammalian
project. The mos t p romising of the fo rmer proj ects were for 2 ,4 ,6— tninitro-
tol uene , “conde nsate wate r” (considering the mixture as an entity), 2,4,6—
tr ini trotoluene , l ,3—d initrobenzene and 4—ami no— 2,4—dinitrotoluene.

This was the fi rst exercise of the methodo logy in support of munitions
pollution c ri teri a management. Th us , the stochastic characterist i cs of the
methodo l ogy and how they impact upon results were reviewed in depth .
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SUMMARY

This report documents the sys tems analysis of the Hazard Ranki ng and
Allocat ion Methodology for compounds found in was tewaters from operati ons
wi th 2,4,6— trinitrotoluene. The analysis was done in conjunc ti on with a
progress revi ew of Contracts DAMD ll—75—C-5 056 and DAMD 17—76-C—6060 with
a major goal of planning further toxi cological studi es.

Pr i or to execut i on , a da ta base amenable to program algorithms had to
be assemb led. Demographic and hydrologic data had been previous ly
defined. Discharge rates for compounds were , for the most part , b ased on
analyses performed on “condensa te water. ” Some “non-condensate water”
discharg e sources for 2,4,6-trinitrotoluene and 2,4—dinitroto luene were
identified. Envi ronmental disappearance factors for the compo unds were
based on available vapori zation and photolysis experimental information.

Dose- risk factors for fish effects were based on screening acute
aquati c toxicity data from Contract DAMD 17-75—C-5056. Dose—risk factors
for mutagen ic potential in humans were based on the results of Mies/
Salmonella mutagen ic bioassay s and scaled based on a long—term study of
the tumor gen i city of 2 ,4-dinitroto l uene in rats . Dose- risk factors for
c h ron i c , non— carcinogenic effec ts in human s were either based on past
experimental results (available for 2,4,6-tri n 4 trotoluene , 2,4—di nitr o-
toluene, an d 2 ,6—d iritroto l ’jene) or on default assumptions.

The hazard ranking was per formed first. The algori thms rresume all
data are accurate , and provide an estimate of yearly a dverse soc i o-
econimi c costs of the consequences of exposure to was tewater. Thirty
specifi c compounds were analyzed , as was “condensa te wa ter ” as a pseudo—
compound. The following hazards were obtained for the 10 highes t-ranking
compoun ds:

Hazard Hazard Total
Compound to Humans to Fish Hazard

2,4,6—Trinitrotoluene 694 2333 3027
“Condensate water ” 169 2 1 73 2342

• 2,3,6-Trinitro toluene 12 766 778
• 2 ,4-Dinitrotoluene 184 332 516

1 ,3—D ini trotol uene 86 t.lO 496
5-Am ino- 2 ,4-dinitro toluene 21 467 488
3,4-Dini trotoluene 5 185 190

• l,3 ,5—Tri nitroben zene 31 113 144
2,3-Dinitroto luene 4 122 126
2 ,6—Dinitrotoluene 10 93 103

The main contributio n to the 2,4,6- trinitro toluene hazard is from sources
not associated with “con densa te water ” discharges . On the basis of



condensa te wa te r alone , 2,4,6-trinitrotoluene would have ranked lower
than 3,4-dinitroto luene

These compounds were then processed to determine the predicted effec-
tivenes s of proposed research . Th i s  involves a stochas ti c analysis of
the increase in confi dence estimation that is expected to occu r due to
the research . Uncertainty factors are requi red for all elements of
hazard data inputs . They are deri ved on an arbitrary or by concensus
bas is. The increase in confi dence in haza rd is represented mathemati-
cally by a decrease in the product of hazard x haza rd ’s uncerta i nty as a
resul t of the researc~. Th is decrease divided by research cost is a
rational objective facto r for the assessment of research . The economi c
argument for this is oresented in the Appendix of the report.

Two projects were assessed for most of the highes t-rated compounds
above. The fi rst w:s en depth acuatic toxicity test ~AAT) a t a costof $20 ,000 per compound. The second was an in-depth long— term mammalian
feeding study (LTh) at a cost of $400,000 per compound. The analysis
indi cates that any of the AAT-projects considered were expected to be

- more cost-effective than any of the LTM-proj ects. This was based on four
replicate allocati on runs , eac h w ith 100 stochastic simulations of sce-
nar io hazards . The more specifi c rank ing is:

Fo r AAT-projects : 2,4,6—t rinitroto luene
“ condens a te water ”
2 ,3,6-trini trotol uene
1 ,3-dinitrobenzene
5-anl i no—2 ,4—di ni trotoluene
2 ,4—di ni trotoluene
3 ,I~.-d initrotoluene
2 ,3—d i ni trotol uere
1 ,3,5—trinitrobenzene
2,6-d ini trotol uene

For LIM— projects : 2,~ ,6- trinitr otoluene
“condensate water ”
1 ,3-di nitrobenzene
~~
- ~i~i no— 2,4—di ni trotol uene

l ,3,5_ ri r i trobenzene
2,3,6—tr i nitroto luene
3 ,4— di ni troto l uene
2 ,C- di ni trotol uene
2,3-di ni trotoluene

The alloca tion ~rocedures were studied in deta il or characteristi cs
of t h e ana l ys i s. ~e vera 1 t ha t  were noted were:
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a. The assumption of log—norma l di s tribution was reasonable for
hazards associated with toxico logical study considerations. To some
ex tent, the distribution depends upon the uncertainties assigned to
input variables .

b. The assumpt ion of log- normal ha zard distribution may become less
reasonable for analyses of research projects other than toxi cologica l
studies . The al location procedures may not be conceptually correct in
such si tuations .

C. Uncerta inty contributions of important variab l es were capable of
being i dentified .

d. Becaus e the objective factor for rati ng research projects involves
operations on vari ables that are stochastically generated , it also  has a
stochastic nature.

e. The amoun t of computer time requi red for allocation analysis will
depend upon the criti ca lity of the purpose of the analysis.  For a rough
analys i s , one run w ith 100 to 300 simulations should suffice . If a more
cr it ical assessment i s req uir ed , rep l i ca ted runs a re recomended. The
procedure used in this study i s be li eved to p roduc e rank i ngs wh i ch coul d
be one or two posi tions out of place.

3
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ERRATA

The va lues of S(FKL ) and S(CFS ) on line numbers 1291 and 1292 ,
Figure 1, should read 2 .2-2 and 6. 7-2 liters/ mg-year , respecti vely.

On page 40, the hazard of 2_arnino-4 ,6—d initrOtolUene should be 
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INTRODUCTION

The Hazard Ranki ng and Allocation Methodology (HP.AM ) was developed by
SRI , International for Contract DAMD 17— 75-C-5071 . HRAM provi des a
framework which numeri ca lly represents the hazard that pollutants pose to
human and non— human populations and a rati onal method for rating proposed
research projects . The methodology is descri bed in detai l in the Contract
Annual Report by Brown. 1 The haza rd compu tati onal porti on of HRAM was
operati onal at the US Army Medi cal Bioengineeri ng Research and Developmen t
Laborato ry in August 1976. The al locat ion methodology was added in
December 1976. Du ring 1977, i mp roved a lgor i thms were i ns t a l l e d .

SRI , Interna tional is also performi ng research unde r Contracts
DAMD 17—75- C—5 0 56 and DAMD l7— 76-C-6050. These studies involve waste-
waters associated wi t h 2 ,4,6-tri ni trotoluene (TNT) production and muni-
tion loadings . The effort involves the identifi cation of other compounds
in such wastewate rs ; 29 such compounds were identi fi ed and thei r concen-
trat i ons determined. Initial work was completed on the toxic and muta—
genic properti es of these compounds ; an aquati c tox ici ty tes t and a
m icrob i al (Ames/Salmonella) mutagenic bioassay , respecti vely.

G i ven th i s number o f compoun ds and the cos t of poss ib le a dd i t i onal
tox i colog i cal stu di es , a mee ti ng was he ’d on 23—24 February 1978 to
review research results from these contracts and plan futu re studi es. As
part of this assessment , a HRAM analysis was performed. This was the
first full scale test of HRAM . This report documents the informati on
wh i ch went into the analys is and the deri ved results. It also reviews
aspects of the analysis that need to be conside red in the interpretation
of results , and aspects that need improvement.

TN T WASTEWATERS

Three general types of TNT wastewater are known: those from TNT p ro-
duc tion ; thos e from incorporation of TNT wi th other explosives , primari ly
cyclot ri methylenetrinitra mine (RDX); and those From loading of explosive
formulations containi ng T~T in to munit i ons. The HR AM an alys i s p erform e d
covered the fi rst two types ; for cor~~ieteness , all three are discussed.

Production Wastewaters

TNT is produced by the stepwise nitrati on of toluene in the p resence
of sulfuri c acid. The raw pro duct contains about 96 percent TNT,
3 percent of other five trinitrotoluene isome rs , at l east two dinitro-
tol uene isor’ers , din i trobenzene and trini trobenzene.~ Th e TN T i some rs
detract from the explosive ~n d mec~’aricai pronerties of TNT. They are
large ly removed by washing the molten raw product with “sellite ,” a bas i c



so lution of sodi um sulfite. The spent “ se l l i te ” has an intense red color
(to the extent that it is almost black) and forms the major component of
TNT wast ewaters that has been considered for abatement from production.
Other usual wastewater sources are: waters f rom s crubbers that collect
fumes from the nitrators and TNT dust from bagging operations ; routine
washdowns of floors ; washdowns of occasional spi l ls;  and some spent
aci d wastewater from initial washing of the raw product pri or to the
“se l l i te” wash.

TNT producti on at Volunteer , Ra dford, and Jol i et Army Ammun i t i ons
P1 ants woul d invol ve discharges to surface waters .* At present , none of
these plants are in TNT production .

At Radford Army Ammunition Plant, the spent “selli te” is segregated
from the other was tewaters and concentrated in open vats . The concen-
trate is sol d to paper mi l ls.  The other wastewaters are subj ected to
settling and pH adjus tment treatment prior to discharge.

At Volunteer and Joliet Army Ammunition Plants , all wastewaters are
collected and concentrated in a partial evaporator. The more vo lat i le
compounds tend to d i st i ll i n to an a queous so lu t i on ca l led  “ condensate
water.” This water is discharged to surface streams , an d i s the TNT
wastewater of concern at these plants . The concentrate is either sol d
to paper mills or i ncinerated. The compounds that have been i dentified
and concentrat ions in “condensa te water ” analyze d are listed in Table 1 .

Incorporation Wastewaters

Wastewaters from the inco rporati on of TNT wi th RDX are confined to
Holston Army Ammunition Plant. In this process , the two ex p los i ves are
added to a steam kett le , heated , and then transferred in molten form to
a casting vessel .  The molten mixture drips out of the vessel , sol idi f ies ,
and is packaged. Wastewaters occu r from the water f loated from the
mol ten mixture (the RDX is sl ightly moist when added to TNT) , washdowns ,
and fume scrubbers .

Munition Loadings Wastewaters

These wastewaters arise from washdow n of floors and f rom s team-out of
rejected fil ls. These wastewaters , where discharged to surface waters ,
are f i rst treated w it h ac ti va ted cha rcoa l , which greatly reduces TNT con—
centration. Where not so treated , wastewaters are stored in open sumps
or ponds where evaporat4on or percolatio n can occur. In eithe r case , the
vol umes of wastewaters involved are not large corpared to production

* N ewport Army Aimiun iti on Plant also has a TNT production facility .
However , tota l incinerati on of all TNT wastewaters is expected to
be performed .

10 
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TABLE 1. COMPOUNDS IN “CONDENSAT E WATER” AND THEIR
HRA M MNEMON IC CODES

Compound Code

2,4 ,6—Trinitroto luene TNT
2,3 ,6—Trinitrotoluene Til
Toluene TOL
2—Nitrotoluene 2NT
4—Nitrotoluene 4NT
2,3— Di ni trotol uene 23D
2,4—Din itrotoluene • 240
2,5—Di ni trotol uene 250
2 ,6—Dinitrotoluene 26D
3,4—Dini t rotol uene 340
3 ,5—Dinitrotoluene 350
l,3—Di nitrobenzene DNB
3,5—Din itroaniline DNA
3—Methyl-2-nitropheno l 30P
5—Methyl— ?-nitrophenol 5DP
3—Ni trobenzon i tn 1 e 3NB
4—Ni trobenzoni tn 1 e 4N6
2-Amino— 4— ni trotol uene AN6
2—Am ino—6— nitrotoluene AN8
3—Amino-4- ni trotoluene AN7
1 ,3,5-Tni nit robenzene TNB
2—P ,niino—3,6-dinitrotoluene ADB
2—Am i no— 4,6— dinitrotol uene 2AD
3—Am i no—2 ,4-dinitrotoluene AD9
3—Amino- 2,6— dinitrotol uene BAD
4-Ami no-2,6-dinitrotoluene 4AD
4—Amino— 3,5—dinitrotol uene ADC
5—Amino— 2,4—d initrotoluene ABD
2,4— Di nit ro— 5— methy lphenol DNP
1 ,5— Dimethy l—2 ,4— dinitrobenzene 0DB
“Condensate Wa ter” ( Composi te ) TCP

LA 
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wastewa ters Moreover , since product TNT is used in this operation , many
compounds that are in “condensate water ” would not be expected in thes e
discharged wastewaters .~ Fi nally, HRA M algori thms have not been developed
to handl e the pond—storage sit uation .

HRA M AS APPLIED TO SURFACE WATER POLLUTION

A brief review of the methodology is presented to explain data inputs
and processing. For more deta i l , either reference 1 or 3 should be con-
sulted. HRAM data inputs are based on available hard data , reasonable
estimates , or default values . Qu ite often , i nputs must be transformed
for use in HRAM . Where pertinent to the discussion , these transforma-
tions will be reviewed. Otherwise, reference 3 should be consul ted.

Popul ations considered s ubject to pol lutants are defined N) .~~ For
humans (HUM), these are communi ties which d raw drinking wate r suppl ies
from the surface wa ter conta ining th e po llutant. For fish (FSH), these
are some represen tation of the fish populati on expected in a reach of
the surface water. For each populaticn group, a representative flow rate
of the surface water (SMF ) and a trave l time for the pol l utant to pass
from its point of entry to surface wa ter to the populat ion (SMT) is speci-
fied. For fish , this is general ly taken at the spatial mid— point of the
populati on group.

For each compound , a mass load ing rate of the pol l utant to surface
water (Q) is defined. A water treatment retention facto r CR) is also
defined , which accoun ts for raw water treatment procedures in waterworks.
An environmen tal disappearance factor (LMD) is defined , which presupposes
that a fi rst—orde r decay of the pol l utant with travel time occu rs. Then ,
for each popula tion g rou p i nvolved , a pollutant concentration is computed:

C = (1/S~ F) *Q * R * exp(_LMD*SMF) (1)

For each compound , adverse effects of concern are defi ned. Each
effect is assigned a socioeconomi c cost (V). A l i near relati on is pre-
sumed to apply between the dose of a compound and the probability that
an adve rse effect w ill occur in a year to an “average ” indivi dual in a
populat ion. The slo pe of this dose- risk relation (S) is used in HRAM .
HRA M allows for use of a threshold; however , practice has been to assume
no threshold. For effects considered of a chronic nature in humans , a
concentra tion—dose conversion facto r (SMB) is applied . I-i RAM provides a

• SMB of 1.0 if thi s factor is not speci fied. Th is allows for processing
of S in terms of concen tration for fish populati ons.

~ However , some could occur in env ironmental processes that TNT under—
goes. See Pollution Discharge Rates, page 30.

~ The nota tions tha t appear are used in HRAM .

12 



The yearly hazard of a given compound , for a given effect , and to a
give n populati on groupt is computed:

H = C * S M B * S  * V * N  (2)

Equati on (2) can be s unined to provi de less restricted hazards , s uch as:

Ha zard (one effec t and compound) = H (3)
Populat i ons

and

Hazard (one compound) = H (4)
Effects Populations

Equation (2) would be accurate , withi n the scope of the assumptions ,
if the vari ab les were wel l  know n, wh ich is not usually the case. The
allocation concept is based on this. An uncertainty is associated wi th
each vari able. The uncertai nty numeri cally represents the existing sta te
of knowledg e about the vari able. Reference 3 largely deals with current
practi ces in the assignment of uncertainties .

For allocation purposes , the variables are processed as probabili ty
distributi ons , to quantitati vely account for thei r inaccuracy . Thre e
options exist for the type of distri b ution , and with each option , a defi-
nition _ of uncertainty in terms of probability concepts . If V is any vari-
able , V its estimated mean [the value used in Equati on (1) or (2)] and U
its uncertainty , the o pti ons are:

1. Addi ti ve —— V is normally distributed wi th estimated mean V and
s tandard deviati on U/2. U has the format “ + nn. ”

2. Percentage -— V/V is normally distributed with estimated mean of
1.0 and standard deviati on U/200. U has the format “ + nn P.”

3. Log—normal —- Log V is normally distributed wi th estimated mean
Log V and standard dev iation LogYti. U has the format 1~ *

Hazard is also some form of probability distribution and has an uncer-
tainty . The statistical inference given to hazard and its uncertainty ,
stated for a l og—normal distributi on , is: l e t  ~ be the value of uncer-
tainty computed by ei ther Equations (2), (3) or (4). Let “ * UH 

“ be i ts
uncertainty . Then , if h is any random selecti on from the distribution ,

~ Strictly speaking , hazard is qualified by six subscripts . This explana-
tion has been restricted to surface water. Moreover , each population
group is in terms of a loca tion , a type of population (human or fish ,
for example) and a numeri cal index. 

~~~~ - -~~~~~~ - - -  
_ _ _ _ I___
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~

Probability (H/U N ~ h ~ 
HU H) ~ 0.95 (5)

The 95 percen t range that is associated with hazard and its uncer-
tai nty is central to the allocation methodology . Research is considered
a process wh ich improves upon the accuracy of one or more variables . Th i s
can be expressed as a reduction in the vari able uncertainty to a defined
numerical val ue. This is reflected in a reduction in the ran ge of haza rd
as stated in Eq uati on (5). This redu ction was shown in reference 1 to
represent a benefit. This benefit divided by research cost provides a
ratio which can be used as an object i ve factor to compare different
research pro jec ts. Appendi x A review s the economi c argument behi nd this
concept.

Determ inist i cal’y, the uncertainty of hazard is not readi ly computed.
Stochas ti cally , it is computable if the hazard distribution is specifi ed
in advance. HRAM assumes this distributi on is l og-normal . Monte—Ca rl o
simulat ion techniques can then be used. Several iterations are required;
i n each i teration , Ecuati on (2) is evaluated based on random selecti ons
of variable val ues accordi ng to thei r distributions. Then , i f requi red ,
summations to Equations (3) or (4) are performed. After the second itera-
t i on , the lo g-normal ~“ean and uncertainty of hazard can be back—calculated.
This process is performed twi ce per iteration , once for the current  s i tua-
t i on , once for the pos t-research situati on . The hazard ranges ‘or the
current and post-research situati ons are then computed and the rati o
determ ined.

THE DATA BASE

The data requi red to compute hazar d for the TNT wastewater situation
appears in Figure 1 . Ea ch line , which is a data entry , has an i dentifi-
cation number on the riaht hand side (Line ID.). Lire numbers will be
cited. All vari ab les have subscr ipts ; the subs cripts are de f ined fi rst.
The subscript for surface wa ter transport , H20 , is pre-defined. Sub—
scri pts are in the form of three- ch~racter mnemonic codes . The sub-
scripts correspondi ng to locati ons occur on 1 ines 30 - 51 . The sub-
scri pts correspond ir” to compounds occur on lines 80 - 400. The
subscripts correspor~~ng to effects occur on lines 450 — 470. The
subscr i pts correspond ing to population types occu r on l 4 nes 490 - 500.
Numerical subscripts are used to defi ne speci fi c populati on groups .

Data documentation is included 4~~ two notebooks.~ ’5 These notebooks
include the backgrou nd and comp utations emDloyed to develop the data.
Where other references are not here i n cited , these noteboo ks are the data
sou rc?s .
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Populations, Flows and Travel Times

The line numbers corresponding to thes e vari ables are cataloged in
Table 2. On each line is the variable , its qual i fier subscripts , the
variable val ue (best estimate) and its uncertainty assignment . Info rma—
ti on following the uncertainty is either commenta ry or a document
identifier.

TABLE 2. LINE NUMBERS FOR POPULATION DATA , FLOW RATE S
AND TRAVEL TIME S USED IN COMPUTATION S

Group Population Size Flow Rate Travel Time

Joliet Humans 1 830 2260 2080
Joliet Fish 1—3 831—8 33 2270— 2290 2090—2 110

Radford Humans 1 551 2180 21 20
Radford Fish 1—4 610— 613 2230—2233 2170—2173

Volunteer Humans 1-2 630—631 2300-2310 2480-2490
Volunteer Fish 1—4 671—674 2350-2380 2530—2560

Holston Humans 1— 4 750— 780 2580—2583 2400—2403
Holston Fish 1—3 800—802 2630—2632 2450-2452

Units of N are arbitrary , but must be unique for each ~opu1ation type.
SMF may be expressed in either liter/year or ft3/sec (I ft~/sec = 8.9x108
liter/year). SMT is usually express 9d ‘in days .

The actual situation s represen ted by these variables are discussed
below and schemati cally portrayed in Figures 2 through 5.

Joliet Army Pinmunition Plant. TNT was tewaters flow to the Illin ois
River at the juncture of the Des Plaines and Kankakee Ri vers. Three fish
populations represent fish in three ‘ pools ,” each formed behi nd a water
regulati on darn . Fish po Dulati ons ~or this situation (and the others )
were computed by methods descri bed in reference 3. The human populati on
represents Peori a , IL. The Illinois Ri ver is used as a porti on of its
water supply ; the poDulation size is prorated to reflect the percent of
supply from the ri ver.

Radfo rd Army Pinmunition 9lant. TNT wast ewate rs flow to the New Ri ver ,
Fish in the ~ew Ri ver are divided i nto four groups. The firs t three are
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TNT
Waste-
water

Des Plaines Kankakee
Ri ver R iv e r

(A)’-

FishIllinois ‘I. .Population r~iverRiv er ( 1 point Mile Identification

(B) 
) A 27~ Start, Ill inois River

— 

B 247 Marseilles Dam
1 C 231 Starved Rock Dam

Fish D ‘1 58 Peoria Dam\ Populati on
7 2 E 156 Peoria , IL (Human

Population 1)

(C)-— /

Fish
\. Populati on

3

(D)— )

(E) ( ) Peoria

Mississippi River

Figure 2. HRAM Represen tation of Populations at Risk
from TNT Wastewaters of Jol i et A rmy
Ammunition Plant.
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Figure 3. HRAM Representation of Populations at Risk
from TNT Wastewaters of Radford Army
Amunition Plant.
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based on arbitrary sections of the river , the last group inhabits Blue—
stone Lake. From the town of Kanawha Falls , WV to Wi nfield, WV , several
utiliti es serving 70,000 persons use the Kanawha River as thei r drinking
water supply. For these populations , travel time estimates ranged from
4.7 to 6.9 days. To reduce the n umber of computations without serious ly

F affecting accuracy, these comun i ties were represented as one population
group at 5.7 days travel time .

Volunteer Army Ammuni tion Plant. This is the most complica ted and
l east accurately— defined situati on , as refl ected in the hi gher uncer-
tainties assigned to flow and travel times . TNT wastewaters discharg e to
the head of Wa conda Bay. The bay is a backwater of Chickamagua Lake , the
reach of the Tennessee River behind the Chickamu gua Dam. The only con-
sistent flow to the bay is wastewater from Volunteer Army Ammuniti on Plant.
Considerable time is expected for pollutants to traverse Waconda Bay ,
although it is only 2 miles long , and to m ix wi th the main stem flow of
the Tennessee Ri ver.

Two fish populations are specified for the bay . Flow rates are
assume d as roughly 4 and 10 times wastewater flow respecti vely. Travel
time is estimated on the basis of section of bay water capacity and flow
rate. The fish in Ch i ckamagua Lake below Waconda Bay are conside red a
third populati on ; the fish in Nickajack Lake are considered a fourth
populati on. The Tennessee Ri ver is the water supply source for several
Tennessee and Alabam a commun iti es. Since the bul k of travel time is
expected to occur from the wastewater outfal l to Chickamagua Dam , these
comuni ties were represented by two populati on groups, The f i rst repre-
sents communiti es from Chattanooga , TN to Section , AL. The second repre-
sents communi ties from Guntersville , AL to Cherokee , AL. Flow and travel
time vari ab l es are keyed to the most populous comunities in these groups ,
Chattanooga , TN (158,000 persons) an d Huntsville , AL (146,000 persons)
respecti vely.

Hoiston Army Ammunition Plant. The plant discharges wastewaters to
the Hoiston River be low the juncture of the North and South Forks ,
Holston Ri ver. Actual d ischarges are from several outfalls; for HR.AM
purposes they are represented as one outfall. The waters from the two
forks are poorly mixe d for a few m iles downstream of their juncture.
Hence , the fi rst fish populati on is assumed to have a flow more represen-
tative of the North Fork than the whol e river. Fish populat i on 2 re pre-
sents fish that would reside in the Holston River to the head of Cherokee
Lake. The lake is expected to add considerable travel time. This is
reflected in the SMT of fish populati on 3 and of the first human popul a-
tion , the city of Morristown , TN. Human population 2 represents two
ut ility distri cts that d raw water below Cherokee Dam. The city of
Knoxville, TN draws water from the Tennessee Ri ver (which is considered
to start at the juncture of the Holston and French Broad Rivers). The
last h Llnan population represents smaller towns between Louden and Dayton , TN.
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Pollution Discharge Rates

Discharge rates to surface waters are at the following line n umber
locations:

for Volun teer - 1 730, 1760, 1 800, 1831- 1857, 2040

for J ol i e t  - 1 731 , 176 1 , 1820, 1858-1884, 2041

for Radford - 181 0 and 2050

for Hoiston - 2070

The discharges are based on full capacity operations at the plants .
Extensive characterization of “condensate water” discharges has been
accompl ished for Volunteer Army Ammunition Plant from one 50 ton/day TNT
production line. There are s ix  such lines at the plant. On the basis of 9monthly discharge flow data ,5 a full capaci ty discharg e volume of l.43xl0
li ter/year was adopted.t

Concentrati on data had to be critically reviewed , as the anal yti cal
method emp loyed, gas chroma tog raphy , can mas k the possible presence of
some compounds by other compounds . Wi th seve ral compounds , only sporadic
presence was observed. Accordi ng ly, for compounds where masking was not
expected , all analyses , i ncl uding zeros , were used to compute an esti-
mated mean concentra tion. For those compounds where masking was expected ,
the estimated mean was taken as one—half the average of non-zero analyses .
The computed concentrations appear in Table 3. The discharge rates in
Figure  1 are the products of the flow and concentrations , wi th proper
uni t adjustment.

Of note are the rather large percentages of the dinitrotoluenes , par-
tially n itrated products in TNT producti on. The i r h i gher concentra tion
illus trates the distillation aspects of “condensate water.” Si mi larly ,
l ,3— dinitrobenzene occurs in an u nusually high percentage , although the
precursor benzene is a trace impuri ty in reagent toluene. The amino-
nit rotoluenes and ami no—dinitrotoluenes would be expected from environ-
mental reducti on of the di— and trini trotol uenes that survive the
“sell it e” process.

For discharges from Volunteer Army Amm unition Plant, an u n c e r t a i n t y
of ‘~ * 3” was assigned to those compounds that were not masked in analy-
sis. This reflected the vari ability of flow , concentration analysis and
scale—up to full operati ng conditions . For compounds where masking was
expected , an uncertainty of “ * 5” was assigned. For d i schar ges a t

t In more typi cal un its , 1.75 gallons of wastewater occur/lb of produc-
tion grade TNT.
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TABLE 3. COMPOUND CONCENTRATIONS USED FOR “CONDENSAT E WATER ”

Concentration ,
Compound mg/liter Remarks

Toluene 0.057
2-Nitrotol uene 0.009
4—Nitrotoluene 0.020
3—Ni trobenzoni tn le 0.001
4—Nitrobenzonitr ile 0.000 4
2—Aini no—4—nitrotoluene 0.006
2—Arnino—6— ni trotol uene 0.017 Mas ked
3-Amino—4-n itrotol uene 0.001
3—Methyl —2—nitro phenol 0.011 Masked
5—Methyl— 2—ni trophenol 0.068 Masked
1 ,3—D initrobenzene 2.05
2,3—Dinitrotol uene 0.198 Masked
2,4-Dinitrotoluen e 7.26
2,5—Dinitrotoluene 0.111
2,6—Din itrotol uene 3.55
3,4—Dinitrotol uene 0.192
3,5—Dinitrotoluene 0.180
3,5—Dinitroaniline 0.004
1 ,3,5—Trinitrobenzene 0.076 Masked
2,3,6—Trinitrotol uene 0.134 Masked
2,4 ,6—Tri ni trotol uene 0.482 Masked
2—Am i no—3 ,6—din itrotoluene 0.002
2—Amino— 4,6—di nitrotol uene 0.012 Masked
3-Am ino- 2,4-dini trotoluene 0.431 Masked
3— Amino —2 ,6— dinitrotol uene 0.288 Masked
4—Amino— 2,6—dinitroto luen e 0.269 Masked
4—Amino— 3,5-dinitrotol uene 0.062
5— Ani ino—2 ,4—dinitrotoluene 0.549
2,4—Dinitro- 5-methyl phenol 0.043 Masked
1 ,5—Dimethyl—2 ,4—dinitrotol uene 0.116
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Joliet A rmy Ammuni tion Plant, uncertainties of “ * 5” and ~‘ * 7” were
respectively assigned . These increased uncertainties account for extrapo-
lations made between plants.

TNT d ischarges at Radford Army Ammunition Plant are two—thirds of the
estimated discharges that existed prior to producti on stoppage due to an
explosion . Th ree 50 ton/day lines then operated ; two are to operate when
producti on resumes .

Discharges of 2 ,4— dini trotoluene at Radford Army Ammunition Plant are
expected to be predominately associated with propellant producti on rather
than with TNT production. Reduced TNT production is not expected to
impact on the discharge rate.

TNT discharges from Holston Army Ammuniti on Pl ant are the l east
accurately defined. Plant data 6 indicates discharge rates 10 times
higher than used here , but in-ri ver measurements 7 indi cate that much
lower amounts are present in the Holston River.

Environmenta l Disappearance Rate Constants

Values of LMD are identifi ed by line numbers 2660-2835. This factor
tries to typi fy envi ronme ntal processes that remove or destroy a compound
in terms of first order kineti cs . Firs t order kineti cs , at least over a
short time s cal e , i s  a fa i r descr iptor of certa i n env i ronmenta l p rocesses .
Whether this is accurate over the travel times enco untered in this HRAM
analysis is not known.

For estimati on purpos es, several sets of test data or estimates were
available from studies performe d as part of SRI , International contract
efforts . The “roof—top ” tes t8 was considered the most reliable source
of data. In this test , a compound was placed in aqueous sol ution in two
open beakers . The beakers were placed on a roof-top, where they were
exposed to di urnal condi tions . However , one beaker was shaded. Both
beaker contents were sti rred. Evaporated water losses were replaced
prior to withdraw i ng samp l es for anal ysis. By analysis , the loss of
compound by combined photolysis and vapori zation or by just vaporization
could be meas ured. From the difference in pseudo—fi rst order loss rates ,
the photolysis component coul d be estimated.

Table 4 i dentifies the compounds that were tested by this method.
The results for 2 ,4—d initroto luene are presented ‘n Figure 6 as an
illustration . The pseudo— fi rst order rate constant for the summed
processes was computed as 49/year; and for the vaporization process,
21/yea r. Since rates are additive , the photolysis rate constant was
estimated as 28/year.
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Time Estimates for 2,4-Dinitrotoluene.
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LMD was then computed by the following assumed relation:

LMD = 2/3 (vapori zation rate constant) + 2/5 (photolysis rate constant) (6)

The fractions were applied to adjust for less effective sunlight or
cooler average weather condi tions in actual envi ronments . The test was
performed in Menlo Park , CA i n the s ummer , during a per i od of clea r,
sunny days.

When not available from the u roof_ topi test, pho tolysis data were
deri ved from results of another test apparatus , the flow—through photo-
lysis reactor. 8 The aqueous so luti on f lowed through a glass coi l .  A
tubular irradiati on light was placed along the coi l axis. The arrange-
ment was placed in a thermostati cally controlled water bath. Flow rate
th rough the coil , an d hence expos ure time , was controlled .

For reactor results to p rovide constants comparable to those from the
“roof—top~ tes t, cornon 2,4—dini trotoluene test results were used for
adjustment. Fi gure 6 sh~~s these resul ts superimposed along the estimated
photolysis curve. Most other compounds that had been tested both ways
agreed reasonably well with this adjustment of time . Table 4 also indi-
cates the compounds analyzed with the reactor. The photolysis data used
are in reference 9.

For other vaporization rate constants , Spanggord~° provided rough esti-
mates based on gas-ch ror~atograph retention times . These were converted
to r ate constants  on the basis of a side—by-s i de comparison of those com-
pounds for which both “roo f- top” and gas chromatograph data were provided.

For tol uene , the methy l-nitrophenols , the nitrobenzonit ri l es and
l ,3,5— trinitrobenzene , photolysis was considered unimportant in computing
LMD. For TNT and 2,3,6— trinitrotoluene, vaporizati on was considered
un important. Moreover , photolysis rates equal to that of 2,6-dinitro-
toluene we re adopted , based on a suggestion by Barkley .’~ For any remain-
ing compounds , a defaul t LMD of 20/year was used.

Tabl e 4 shows vapori zati on and photolysis rate constants for several
compounds . The striking feature is the wi de range of photolysis con—
stants within an isomeri c group. From structural considerations , the
2,6— dinitro configurati on promotes photolytic degradation. However ,
other generalizations are not apparent.

Uncertainty assignments for these LMD we re an involved process. The
term exp(-LMD * SMT) poses a problem to the assumption of log-normal
hazard. If LMD is assumed ‘og—no rrai , and the uncertainty contribution
from SVT of mi nor importance , the sto chastica lly—coniputed hazard consist-
en t l y  underestimates the deterministi cal ly- computed hazard . The larger
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the uncertainty , the l arger the skew . Use of a percentage uncertainty
for LMD was found to l argely avoid this bias.

An ad hoc method of quantifying uncertainty had to be developed.
Consideration was given to the 95 percent range expected to exist for
exp (-LMD * SMI) = 0.001. For LMD data considered the most accurate
(a roof—top tes t with good agreement wi th reacto r results), a 100-fold
range was assumed due to LMD uncertainty . From this , an uncertainty of
“ + 33 PU was cal culated. For the poorest quality LMD data (default), the
range was assume d to be 10 ,000-fold. This corresponded to an uncertainty
of + 66 P.” Other percentages were intermediate based on the quality
of the data sources .

Retention Factors

These factors are listed on lin e numbers 3090—3301. All values are
set to 0. 25 with an uncertainty of * 3.2. ” Compounds in the envi ron-
ment , even at concentra tions below thei r aqueous solubility, do not exist
solely in so lution. They would be adsorbed on l iving or mineral particu-
late matter in ri ve r or lake water. Water treatment processes remove
such mat te r, reducing the amount of compound available for human inges-
tion. The val ue 0.25 is considered typical 0f such treatment processes.

Concentration— Dose Conversion Factors

Values of S~T3 for chronic human dosing is 500 liter/year , representa-
ti ve of a yearly leve l of consumption. The dose—risk slopes for several
chron ic effects from several compounds (line numbers 2836— 2889) have the
SMB factor incorpora ted in cgs units , 0.0159 cc/sec. S i nce th i s fac tor
is assumed invari ant , this is allowable.

Effects and Values

Fi ve effects are considered in this study . Effects to humans are
considere d only from chronic dosing . The effects are :

1. Some mutagen ic or carcinogenic response in humans (C). This is
valued at $300,000 per occurrence .

2. Some severe non—nbtageni c or non—carci nogeni c effect in humans (CTG).
This co uld mean outright death or other response that would be cons idered of
socioeconomi c equivalent. This is a lso valued at $300 ,000 per occu rrence.

3. Some m ild response in humans (CTR). This would be equi valent to
toxi c responses that are noted in long-term studies in mammals where
CTG— type effects are not observed. This is valued at $30,000 per
occurrence.
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4. Fish kill due to acute expos ure (FKL). This is an episodi c effect
expected to occur once yearly duri ng a peri od of low flow . This is
valued at $1.00 per fish killed. This is deri ved on a per weight basis.

5. Chronic fish effect (CFS). This is an effect mani fested due to
continual contact with a pollutant in water. Some examples would be loss
of reproducti ve abil ity , dea th  or ta i nted flesh. Th i s i s also value d at
$1.00 per affected f ish.

These effects are purposely va gue. When deta i led data i s not ava i l-
able abou t compounds , it is diffi cult to predi ct specifi c effects.
Moreover, different compounds will manifest different effects which are
of equival ent adverse val ue.

Dose-Risk Slopes

Fish Effects. Line number locations for these data are as follows :

Compound

2,4,6-trinitroto luene 1 200, 1207
2 ,4— dinitrotol uene 1253 , 1256
2,6— dinitroto luene 1 322, 1 327
2—ani i no— 4,6— dinitrotol uene 1291 , 129 2
4-ami no—2 ,6—dinitroto luene 1 281 , 1 282
All other compounds 1 330— 1390

The valuati ons are based on bioassay screening tests perfo rmed by
SRI , International and summarized ir  reference 12. The l ower of either
the 48—hour EC5O to Daphni a~ or the 96-hour LC5 O ””’ to a fish species was
the basis for slope determi nation. The slopes and unce rtainty assign-
ments were determi ned as descr ib ed i~ reference 3:

S(FKL ) = O. l/LC 5O (or EC5O) , uncertainty = * 4 (7)

S(CFS) = 3 * S(FKL), uncertainty = * 15 (8) V

The notation S (mnemonic of effect) will be used as a shorthan d notat i on
in subsequent sections of this report.

This is the stati s tically computed concentration of that which wi l l
cause death (or the observabl e equivalent) to 50 percent of Daphn ia
after 48 hours exposure .
This is the statisticall y compu ted concen tration of that which will
cause death to 50 percent of fish after 96 hou rs exposure.

S
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Human Effects. Line number locations for these dose— risk slopes are
cataloged in Table 5. For the carcinogenesis effect, the value for 2,4—
dinitrotoluene is based on results of a 2-yedr mammal ian (rats) study by
Ellis , et al .13 Tumors were not observed in test animals which had been
dosed with 5 mg/kg/day or less of 2,4— dinitrotoluene. This was the fi rst
data available based on s!Jch a study . Convers i on to HRAM format was based
on an adaptation of a method reported by Hoel , et a1 .1~ Fi rst, an adjusted
human equi val ent dos e (AHED) is computed.

AHED = Animal dose * (Human weight/ an i mal weight)2”3 (9)

For 0.4 kg rats and 60 kg humans , a dose of 140 mg/day or 5 1 g/year i s -
‘

comp uted.

TABLE 5. DOSE—RISK SLOPE DATA LINE N UMBER LOCATIONS

Compound S(C) S(CTR) S(CTG)

2,4,6—Trinitrotoluene 1180 1 203 1 205
2,4—Di n itrotoluene 1 250 1254 1252
4—Am ino— 2,6-dinitrotoluene 1280 (see below , other compou nds )
2—Amino— 4,6-dinitroto l uene 1290 (see below , o the r  compounds )
2,6—Din itrotoluene 1 320 1 324 1 321
“Condensate water ” 1 360 136 2 1 361
Other compounds 1461-1485 2836- 2862 2863—2889

Given the n umber of animals tested , determi ne an upper 95 percent
confi dence limi t on the range of the “t rue” risk at the highest observed
“no—effect” level. This is a conseq uence of binomial distributi on sta-
tisti cal arguments ; tables and graphs are available for this purpose.
For 120 test animals , this limi t is 0.04.

The log— normal u ncertainty is chosen that would be applicable to the
data at the current sta te of knowledge. The confi dence limi t determined
above is d i v i d e d by this uncertainty . In this case , an uncerta i nty of

* 10” is chosen , which is somewhat higher than that which would be
assigned if the tes t had involved two mammalian s pec ies (see Research
Projects, page 46). This value is 0.004.
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The dose— ris k slope is that of the line that passes through the dose-
risk origin and the point (PHED, upper  95 percent confi dence5limi t/
uncertainty ). In this case , the resu lt is 0.004/51 or 8xlO / gram.

All other compoun ds except “condensate water ” have been processed
throug h an Ames/ Salmonella mutagenic bioassay by SRI , Internati onal .
This bioassay determined the mutgaeni c activity of compounds to five
mu tant strains of Salmonella typhimurium: TA 1535, TA 1 537 , TA 1 538,
TA 98 a n d  TA 100 , in the p resence and absence of a rat—liver activati on
system. These bacteri a are not expected to survive in the nutrient
medi um supplied (with compound addition ) unless they revert to a normal
state through mutation . Some do revert without any compound addition ;
this condition serves as the bioassay control. If increas ing amounts of
a compound cause an i ncreasing n umber of revers i ons , the compound is
deemed to h ave mutageni c potential . If this occurs with the activation
system , metabolites of the compound have mutagenic potential . If the
compound fails to cause signifi cant revers i ons with all strains with and
without activation , the compound may not be mutagenic.

• The results of these bioassays have been reported in refe rence 8.
The investigators also determined a potency fac tor , wh ich is the maximum
number of revertants/microgram of compound for the most pronounced
strain—activation situati on. A max~m um ex i sts because a compound, above
a ce rta i n mass level on a p late , becomes toxic. These potency factors
have also been reported. 8

The potency facto r has not been accepted by the scientifi c community
as immediately translatable to a m ammalian system. However , it did
appear worthy of some weighting since a life system was involved and 2,4—
dinitrotoluene , for which more detailed testing had been done, was also
processed through the bioassay . Acco rdingly, the followi ng relati on was
used to compute 5(C) for compounds w it h muta geni c potent ial:

S(C) = 8 * 10~~ (potency of compound/potency of 2,4dinitro toluene)
2’13 (10)

An uncertainty of 1 
* 20” was assigned to all such S (C).

The compounds observed not to have mutagenic potentia l were toluene ,
2—n i trotoluene , and the methyl — ni trophenols. Since the bioassay is not a
perfect predicto r, s o r ~ probability c~xists that they may have mutagen ic
potenti al . The valu es adopted for thei r S(C) were based on “act i v i ty
tree” procedures descri bed in reference 3 .  An u n c e r t a i n ty  o f  

“ * 20’
was also assigned. The estimate d S(C) for “condensate water ” was deter-
mined on contributions from its major constituent on the basis of
concentrat ion.

Estimates of S(CTR) and S(CTG) had been previously determi ned for
TNT , 2,4—dinitroto luene and 2,6-dinitrotoluene. Estimates for “condensa te
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wate r” were made on the basis of these, adjusted for concentration con-
tributi ons . Somewhat higher uncertainties were assigned to S(CTG) and
S( CTR ) for  “condensate wate r” than for the other three compounds. For
all other compounds , the defaul t slopes and corresponding uncertainties
suggested in reference 3 were used. These slopes are: S(CTR) =

3.3xl O” 5 /gram and S ( CTG) = 3.3x 10 6/gram. The SMB has been incorporated
into these values in the data base.

HAZARD ANALYSIS AND DISCUSSION

The data base of Figure 1 was processed to compute hazard. This was
done in part to present such data for the meeti ng, and to determine which
research projects to consider in the allocati on analysis. The same pro-
gram is used for haza rd and allocation. For hazard , the data i nputs are
altered as follows:

a. All uncertainties are reset to near certain l evels (* 1.001).

b. One research project is inserted which forces reeval uation of all
hazards computed by Equati on (2). The section on Research Projects
discusses this in more deta il.

c. Two Monte—Carlo simulations are performed.

A porti on of the print—out is show n in Figure 7 ,’~
’ wh i ch shows the

data and computati ons correspondin g to Eq uati on (2) .  These hazards can
be s iaii~ed by location and population s ubgroup to indica te the hazards
computed in Equation (3).  Table 6 is the hazard s ummary for those com-
pounds with hazards of 100 or greater. Other compounds wi th hazards of
one or greater were:

3—ami no- 2,4—di ni trotol uene 91
2—am i no— 4,6—di n i trotol uene 42
2 ,5-dinitrotoluene 41
4— arni no— 2,6-di ni trotoluene 34
3— am ino—2 ,6— di nitrotoluene 32
3 ,5— ‘Ii ni trotol uene 1 6
2,4-di ni tro-5—methylpheno l 16
1 ,5—dimethyl—2 ,4-dinitrotoluene 14
3,5-di nitroanil ’fne 14
4—ami no-3,5—di n itrotoluene 7
2—amino— 3,6- di ni trotol uene 3

~ Prior to the run , it was anti cipate d that human effect ’ s ha zards would
be numeri cally low. To im prove precision , execut i on was accom pli shed
with an (R) of 2.5 for humans. Fi gure 7 shows the print-out under this
condi tion .
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The print-out in Fi gure 7 also show s risk , which in terms of varia ble
notati on is:

Risk = C * S * SMB (11)

Hazard ranking is indiffe rent to situations of high r isk—low population
as opposed to low risk -high population. An allocator may have more inter-
est in the former situation.

Fish risks are highest for Volunteer fish population 1 , wh i ch is not
surp rising , given its travel time and flow variables . However , the• larger—sized fish copulations assigned at Joliet cause that plant to
contribute the greatest i ncrement to hazard . Conversely, for h umans , the
greatest risk is at Joliet , but due to copulatio n size , the c reatest
hazard increment is from Volunteer .

Table 7 is a partial listing of computed risks , taken for the mos t
exposed population . The corres pondence between these risks a~d hazards
in Table 6 is not perfect. For example , the haza rd of l ,3,5—tr initr o —
benzene to fish is higher than that of 2,6—dini trotoluene. Yet , the risk
of the most exposed fish g roup to ,3,5_trin i trobenzene is lower than
that to 2,6— dinitroto luene. This acpare nt anonal y is due to the differ-
ent LMD. The 1 ,3,5—trini ’trobenzen e is rlore pers tert. Hence , it poses
a l ower risk to fish populat ions at smal l travel times , hut would pos~ a
relati vely higher risk to fish populations at r~cre distant travel ti”es .

The sensitivity of hazard values to LMD is i1lustr ated by a hypothet i —
cal example. The data base is in Tabl e 8. All info rmation requi red for
Equation (2) is included with the exception of LMD. Table 9 presents the
computed hazards wi th this data an~ cii fferert values of LND. The greatest
changes occu r with the most ti I~e _ C i~~t a n t  populat ions , which would be
expected from the exponential tenn . Wh~ 1e the example is cont rived , it
does illustrate some important featu res of the T~T wastewa ter situation ,
Populations are located at trave l times that are relati vely short and
long. Thus LMD assignment , barri ng cross mismatches , is probably not a
decisive factor in th e sensitivit y o’ haza rd results. The example shows
that such a corc lu sic - n is a funct~~ of ~ e demographi c features of t4’e
Si tuation.

The hazard resv 1ts cons istentl y show that the haza ’-d to fish would be
of more concern than to h uiians. Givo n the time-d’4 stance and size of fish
populations , this is not totally unexpected. Th e vulnerabi ’ity of fish
as compared to hur~ns , as seen in ab l e 7, ove rshadows the larcer p remium
that is placed on h ’ j - ’-

~~ r, e cts . Th is  is jr ”ica tj J e of a trend noted w’th
compounds that 4’ ave u’ ~rcc ”e  extpr civ e tcxico ’ogi~ al testing end c o r

which some recorrp~ ci-~tions ‘nr S t a I ~~a ’ - d s  i,~v c been crepared ; th e aquat ic
toxi cology has beer the r’ost stri n~ent cr 1 ter cn.



TABLE 7. RISKS ASSOCIATED WITH CO~~OUNDS FOR THE MOST EXPOSEDPOPULATIONS (PARTIAL LIST )

Huma n Effects F i sh  Effect
Compound CT G C CFS

“Con densate Water” 5.6x lO”~° l. lx lO ’8 l . lx lO ’2

2,4,6_Trinitrotol uenea 2 .3x lO ’9 2.8xlO ’8 l.3xlO’2

2,3,6—Trinitrotol uene l.8xlO~~
2 9.4xlO”~° 4.8xlO”3

2 ,4-Dinitrotoluene l .9x lO~~° 5 ,lx lO’
~
9 l .5x lO ’3

1 ,3-Dinitrobenzene 7.6~io ..H 3.5x 10 ’9 l.9x 10’ 3

5—Am ino—2 ,4—dinitrotoluene 2 .3x lO ” 1
~ 6.Ox lO”~° l.6x 10”3

3,4-Dinitrotoluene 7.Oxl O~~
2 l.7x1 0”1° 8.9x 10”4

l,3,5-Trinitrobenzene 3.Ox lO ”12 l.Oxl O ’9 5 .3x 10 4 ‘ 
-

2,3-Dinitrotol uene 5.6x1 0”12 2.4xlO~~° 6.5x10’4

2 ,6-Dinitrotol uene 4 1xlO ”
~ 6.5xlO ~~° 6 .2xl 0 ’4

a. Maximum human risk at Radford Army Ammunition Plant; maximum fish
risk at Hoiston Army Ammunition Plant.
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TABLE 8. HYPOTHETICAL DATA BAS E TO ILL USTRATE SENSITIVITY
OF HAZARD TO LMD

Population Data , Flow Rates , and Travel Times

Size Flow Rate (liter/year) Travel Time (days )

Human 1 50,000 3x1&2 3

Human 2 250,000 lx lO 13 40

Fish 1 20,000 lx i 01° 1

Fish 2 5x 106 5xl012 25

Discharge rate — 20,000 kg/year

Effects Data

Effect Slope

CTR 8xlC~
’D/gram

CTG 5x10”6/gram

C 2xlO ”4/gram

CFS 0.33 liter/mg-year

FKL 0. 10 l iter /mg-year

Values , water treatment retention , arid concentration—dose convers i on
factors are the same as in analysis.



- - -

TABLE 9. HAZA RDS F~~M TABL E 8 DA TA BASED O N DI FF ERENT VAL UES OF LMD

Hazard for Specified LMD
LMD 1O LMD 2O LMD=50 LMD= lO0

Humans

Population 1 2453 2259 1765 1170
Populati on 2 1334 446 17 0
Total 3787 2705 1782 1170

Fish

Popula t ion  1 16851 , 1 6397 1 5103 13169
Popul ati on 2 4365 2201 282 9
Total 21 216 18598 1 5385 131 78

Grand Tota l 2 5003 2 1303 1 716 7 14348

Another consistent result is that the mutagenic potential predomi-
nates over othe r chronic effects in humans. This may be an artifact , i n
that very different approaches are taken to develop dose— risk slope values
for these effects .

Tables 6 and 9 have neglected to show the units of hazard , nominally
in dol lars/year. This is deliberate . There is a tendency to take dollar
amounts at face val ue or to misinterpret them. The reade r is reminded
that most of the concepts used in data bas e preparation are untested and
quite empirical .

THE ALLOCATION ANALYSIS

Research Projects

Based on the computed hazards , a trunca ted set of research proj ects
were selected for al location analysis; they appear in Fi gu re 8. The com-
pounds are those with ha zards of 100 or grea ter. W i t h the exception of
TNT, 2,4—dinitrotoluene , 2,6-dinitrotoluene , and condensate water , all
compounds ha d the s ame demographi c factors (N , SMF , SMT ) and  t h e  sam e
uncertainty assignments for dose-risk slopes . Thus , by comparison th rough
hazard , the al locati on objective fac to rs for the other compounds could be
inferred.
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Each l ine entry consists of:

a. The mnemonic code “PRO”

b . A three character mnemonic of the project title.

c. The variable whos e uncertainty is to be reduced.

d. The vari able s ubs cripts . These are suppl ied in fixed order.
Some lati tude is avai lab le  in their use. The most restri cti ve approach
woul d be the subscri pts associated wi th  the var iable in the data base.
The nota tion “XXX ” or “ALL” is used to signi fy that a variable is not
appl i cable or is not a restriction. Thus , the firs t project shown in
Figure 8 causes al l contributions to hazard that i ncl ude any variabl e N
to be computed. This is , of cou rse , what is desired to produce the
hazard ranking.

e. The research cost.

f. The expected uncertainty after the research p roject is done. (

g. Space to describe the project or documenta ry information. This
is for user convenience.

Project “AAT” is an acute toxicity test for anuati c species . :t
i ncl udes more s pec i es , dura ti on of tes ts , effects observed , and an i ma l
phys iology than in the comp l eted screening studi es. The project is
ex pected to cos t $20 ,000 per compou nd . It is expected to reduce the
uncer tainties associated with S (CFS) and S(FKL). Project IILTMI ( i nvolves
a detailed 2—year chronic feeding study of several manralian species .
Intens ive oathology and physiology is performed , with special attention
to the i nci dence or tumors or other abnormalities that coul d be con-
sidered precursors of carci nogenic i ty . The project is expected to cost
$400 ,000 per compound. It is expected to reduce the uncertainties associ-
ated with S(CTR), S(CTG) and S(C).

A project “LTM” for 2 ,4—d ini t roto luene was not included , as s u c h  a
study has been compl eted. A “LTM” project is underway with TNT , but
since the data base is “pre-LTM ,” t h e  p roj ec t was included for post—
decision analysis.

Statistical Considerations of the Allocation Methodology

The next section will revi~~ in some detail the aspects of the genera—
tion , asserrb ly and i nterpretation of object ive factor results . As this is
the fi rst full exercise of HRA !~, these 

facets are of interest. There are
aspects of the analysis whi ch may be more artifacts of the algorithms
rather than val id concl usions . There ray he pitfa lls to placi ng too much
reliance on a set of obje cti ve facto r results .
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These prob lems are a consequence of HRAM algori thms and stat ist ics.
The hazards that are of interes t correspond to Equation (3).  They are
assumed to be l og-normally distributed . This assumption is sufficient to
allow for the compu tation of hazard and uncertainty by stochastic methods .
The validi ty of the asst.znption must be validated by other methods . A set
of haza rd data wi l l  be so treated .

Statisti cs indi cate that theoretica l problems may exist with the
log-normal distribution assumption. A continuous probability distribu-
tion which is the sum of other distributions tends to approach a normal
distribution. The more sums involved , the closer is the approach . With
most compounds involved here , f i sh effects i nvolve seven s ummat i ons ;
human effects , three. Thes e are p robably not lar ge numbers of s ummat ions
to be of concern . HRP1M can , at l east in pri nciple, proces s research
projects that involve hazards corres ponding to Equation (4). In practi ce,
the interpretation of such results to hazards corres ponding to Equation (3)
may be diffi cult. This will be illustrated .

A fundamental concept of statistica l sampling (which the Monte—Ca rlo
method simulates ) is to provide an estimate of a statistical parameter.
The larger the number of s i mula ti ons , the better the reliability of the ‘

estimate . However , a limit mus t be set , because computer time is invc l ved.
For the analys is at hand , each s im u~ation involves 620 computations of
Equation (2). With t’i e B!’~ 360/50 compu ter , 100 such simulations requi re
36 minutes . The ran~fi cations of selecting a give n n umber of simulations
w i ll be discus s ed in the next sec ti on.

An important consideration invo lves the credence attached to an
objecti ve facto r when compared to another . This is complica ted by the
mult i-vari able impact of research projects . The objective factor is:

([flu] curre nt - [ThJJ post— research)/cost (12)

Factors common to severa l variables (2 for “AAT ,” 3 for “LTM” ) are sunned
to provi de ove rall objective factors for allocat ion considerations . If
each factor was exact , this would cause no concern . However , this is not
the case. H is an estimate of a mean hazard ; U is the computed estimate
of an exac t uncerta inty . If one takes products , t h e n  d i f f e r e n c e s , a n d
nex t s ums , the facto r can be rather inexact. An approach to resolve this
p roblem w i ll be discussed .

Alloca ti on Results and Discussion

The alloca tion resJlts after one ?OO Monte-Carlo simulation run
appea rs in ~igure 9. Each line is read as follows:

1. T~’e order of analys is.

2. The project mnemonic.
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3. The variable wi th appropriate subs cri pts whose uncertainty is
reduced.

4. For the current situation (“prior”), the hazard and hazard
uncertainty associated wi th the variable.

5. For the projected situation after research , the corresponding
hazard and ha zard uncertainty .

6. The decrease in the 9 5 percent confidence range , based on
Equation (5), due to project performance. Specifi cally, the upper
end of this range , from R to HU is processed.

7. The project cost.

8. The rati o of item (6) div ided by item (7).  This is the obj ec-
tive factor for the proposed research project in terms of one variable.
As indi cated , a project may impact on several variab l es. 

U

The Log—Normal Hazard Assumption. As an example for consideration ,
the 300 val ues of current situat ion hazard of the CFS effect from “con—
densa te wa ter” are used . Some of t h e  characteristics of this sample popu—
lat ion are:

Mean = 2118

Uncertai nty = * 20.55

H i g h e s t sam p le v a l ue = 111 ,601 (52.7 x mean)

Lowest sample val ue = 28 (mean/75.6)

Median = 2017.5

The test perfo rmed to assess the distribution is the “goodnes s of fit ”
test found in most s tat is t i ca 1 textbooks such as by Dixo n and Massey .’5
The distr i but i on i s di v i ded i nto se veral int ervals and the number of —

samples that are in each irterva l is compared to the expected n umber.
For conven ience , 10 intervals were used , each expect~d to i ncl ude

.10 percent of the s amples . T~~e ana~ysis yielded a x statistic of 8.53,
wh ich is slightly less than x (P = 0.75) of 9.04 for 7 degrees of freedom. U

Informal ly stated , if the log-normal distri bution assumption was rejected ,
there is somewhat more than a 25 percent chance of being wrong. Stat ist i-
ca l evidence to reject the assume d d~

’stribut~on is considered weak.

This exercise is reassuring , s i nce if hazard has the log—normal
distr ibution , uncerta i nty has the attribu tes that makes Equation (5) a
reasonable statemen t. From a conceptua l outlook , this is essentia l to
the methodology .
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The hazards presented in Figure 9 are estimates of mean hazards of
log—normal distribution. The means are not known; how e ver, inferences
can be made as to how close the est imates are to it. The relati on
invol ved is Chebyshev ’ s Inequality , whic h for the variable used here
is wri tten:

Prob ( Log ~ - L og Hm 
k Log ~I~ ) > 1 - 1/k2 (13)

N is the number of samples used to deri ve H and k is a facto r arbitrari ly
chosen. For example , if the H above is desired to be wit hin 10 percent
of Hmean~ the probab ility of this is more than 0.15. For agreement within
20 percent , the probability increases to more than 0.73.

From Equation (13), the hazard computed for the pos t— research situa-
tion is a better estimator of the mean hazard. This hazard can be com-
pared to the deterministi c hazard to see approximately how wel l  the two
procedures agree. Th i s i s done in Tabl e 10 for two effects . There is a
general trend for the stochastic computation to generate higher hazards
than the determinist ic computation. This is expected , as each
stochas t~ca11y—computed hazard is the sum of several ir~di vidual hazards .
Fortuitously, these are so distributed that the s ums are reasonably
represented by a log- normal hazard.

From the viewpoint of general HRAM appl i cations , this poses a problem.
Conceptually, projects with hazards corresponding to Equation (4) could
be processed. However , these hazards involve additional si.sitma tions.
Theory predicts a wider divergence between stochastic and deterministi c
resul ts. This is observed as shown below :

To tal Haza rd , Stochas ti c Total
Compound Table 6 Hazard

“Condensate water” 2342 4223
2,4 ,6—Tri ni trotol uene 3027 6056
2,3,6—Trin itrotoluene 778 1051
2,4—Di nitrotol uene 516 473
l ,3—Dinitrobenzene 496 1102
5—~Amino-2 ,4-dinit rotoluene 488 697
3,4—Dinitrotoluene 190 305
1 ,3,5—Trin i trobenzene 144 287
2,3—Di nitrotol uene 126 211
2 ,6-Dinitroto luene 103 157

The results in co lumn 3 are included with the run print-out. Hazards
from both procedures differ by as r,lIJch as a factor of two. Thi s may indi-
cate that hazards correspond ing to Equation (4) are not wel l-suited to a
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log-normal distribution. This could cast doubt on the val i di ty of
Equation (12) as an obj ecti ve facto r when comparisons are made to other
projects.

TABLE 10. COMPARISON OF HAZARDS : DETERMINISTIC VS. STOCHASTIC

Deterministi c Stochast ic
Effect Compoun d Hazard , Table 6 Hazard, Fi gure 9

CFSa “Condensate water ” 1629 2033
CFS 2,4 ,6— Tr initrotoluene 1749 2287
CFS 2,3,6— Tr initrotoluene 575 596
CFS 2,4-Din itrotoluene 249 287
CFS l,3—Din itrobenzene 307 395
CFS 5—Amino- 2,4-dinitrotolu ene 350 319
CFS 3,4—Dinitrotoluene 139 167
CFS l ,3,5—Trinitrobenzene 85 110
CFS 2,3—Dinitrotoluene 92 112
CFS 2,6—Dinitrotol uene 70 81

C “Condensate water” 153 178
C 2 ,4,6-Trinitrotol uene 594 609
C 2,3,6-Trinitrotol uene 12 10
C 1 ,3—D initrobenzene 82 102
C 5-Pm ino— 2,4-dinitrot ol uene 19 28
C 3,4—Dinitrotoluene 5 5
C l,3,5—Trin itrobenzene 31 36
C 2 ,3-Dinitrotol uene 4 5
C 2 ,6-DinItrotol uene 8 8

Note: All hazards rounded to the neares t integer .

a. Table 6 has the s umme d hazards of CFS and FKL . From Equations (7)
and (8), three—fourt hs of these hazards are due to the CFS effect.

Uncertainty Contr4but ions of Var iables to Hazard L1ncertainty .
Resul ts from Figure 9 car- be ~sed for an ana~ys~s of which uncertainties
influence the hazard uncertainty . To do th’~s, Equation (3) is rewritten
as:

H = s c*sti~*v~ = s * x (14)
populations
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S is defi ned as l og—normally distr ibuted. There is confi dence that H is
l og-normally distri b uted. Then “X ” should be log-normally distributed .
The fol lowing is an approximati on from which U , whi ch represents the
uncer ta in ty  c o n t r i b u t i o n  from a l l  ot her vari ab~es , can be estimated.

UH = exp [(ln U5 )2 + (in 
~~~~~~ 

(15)

From Eq uation (15) and appropriate average val ues of U , the followi ng
Ux are determined: S

Cu rrent Situati on Post—Research Situation
V ari able U~ U> U~

S(CFS) * 1 5  * 4~5 * 7 * 4~ 5

S(FKL ) * 4 * 5 . 2  * 2 * 5.1
S(C) * 2 0  * 6.7 * 7 * 7.0
S (CTR) *300 * 5~5 * 3 * 7 .6

s (CTG) *300 * 5~4 * 7 * 6.3

These resul ts appear to indicate that in the current situation , w i t h
the exception of S(FKL), toxicologica l factors dominate UN. After
research , non— toxi cologi cal factors are of equal or greater effect. A
tentat i ve conc lus ion , based on the comparisons of individual UN, i s that
the effect of discharg e rate uncer tainty predomi nates over other non—
toxico logical vari ab les .

An interes ting observati on is that the Ux for human e ffects tends to
be higher than for fish effects . This is probably caused by the uncer-
tainties associated w ith fish popul ations (* 2.3) and with R ~~

“ 3.2).
Human populations , on the other hand , have much l ower uncer ta i nt i es ,
whi le fish hazards are computed with an exact default R = 1.

Another observat ion that can be deri ved from Equation (15) are the
uncertainties that would exis t at the completion of the most advanced
research projects. For humans , “LTh ’ is generally the most advan ced
project , althou gh epidemiology may have potentia l to refi ne hazard
uncertainties. 4 For f ish , a more advanced proj ect exists , that of a

~ From a rea l-world sta ndpoint, t h i s  may be impractical . Minuniti on
pl ant production levels vary widely over a peri od of time , based on
the level of military activi ty of the nation. Thus, rea l—world

• exposu res over a long period of time would be difficult to correlate
wi th an observable change in the popu lation .
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chronic aquati c toxici ty test. The S (CFS) uncertainty after such a
project is estimated at ~I * 2.” From Equation (15), the UN after such a
projectt woul d be about ~ * 5.2.11

Objective Factors and Their Interpreta tion

Since each project i nvolves more than one vari able, the relevan t
ratios are s iiiimed to provi de an overal l objec tive factor. The overal l
factor is used to rate the proposed research in comparison to factors
of other proj ects . T he factors for the p rojects , determined after
300 Monte—Ca rl o simulations , appear in Table 11. The most stri ki ng
feat ure of this table is the higher ratings that would be given to “AAT”
projects ove r all “LTM” proj ects . The cost d iffe rence between the two
projects is a major cause of these rati ngs.

Table 11 also includes objecti ve factors that would have prevail ed if
the analysis had been terminated with a smaller n c.ziiber of simulations .
The general trend of the results is establ ished rather early. Af ter the
100th s imulat i on , the factor changes become much less marked. Ra ti ng
transpos itions are restri cted to close ly-valued p rojects.

An important question is how precise are the objective factors .
At the beginni ng of this sect - on , it was stated that a l loca ti on results
are expected to be ordere d closely to those of hazard results. Tab’e 11
is so ordered; there is not perfect agreement. The worst situation is
that of p roject “AAT” for 5-am ino-2 ,4— dinitro tol uene. Figure 9 sugges ts
this is caused by the relati vely low—sided stochastic ha zard computation
for the CFS effect , and the relat ively small d i fference between its cur-
rent and post— research u ncertai nties . The juxtaposit ions with “LTM”
projects are a functi on of S (C) as compared with the other human effect
dose-risk slopes . If S(C) is relative ly low , the contri bution of other
effects to Eq uation (12) become more important. Th is is an example of
how uncerta i nty assignments can influence these factors. This influence
is not apparent from hazard va luati ons.

Each objective factor in Table 11 is a sample taken from a pro b-
ab ility di strib ution of Eq uation (12). This distribution is defined as a

• function of sample size. If  the characteristi cs ~~ c this distribution
were k nown , statements s uch as embodied in Equation (13) cou ’d be made .
Since a varian ce estimate of the uncerta~nty is not avai lable, this is
not the case.

Hazard is assumed to remain constant as a result of such research.
T h i s  is the most  valid conclusion that can be made in the absence
of another indication.
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The most convenient way to eva luate the precision of Eq uation (12)
is by replicated simulations. Th is provides addi tional samp les of each
objecti ve factor. The need to do this will depend upon allocati on appli-
cations. From a pra ctica l viewpoi nt, it may not be needed for current
plans. For future HRAM applicatio ns , it is worth developing.

As an example, three additional analyses were performed , each consist -
ing  of 100 Monte—Carlo simulati ons. The overall objective factors from
these and the previ ously discussed analysis appear in Table 12.

The probabili ty distribution of Equation (12) is not known , but
• probably is somewhere intermedi ate between a log—normal distribution

and a normal distribution. Gi ven the four samp les for each factor , ass s .in—
ing a normal distribution is probably reasonable. Statistical procedu res
allow an estimate of confi dence l imi ts for mean overal l objective facto rs
to be determined. These limi ts a ls o appea r in Table 12.

Wi th four replica tions , the orderi ng of projects is somewhat clearer.
The project “AAT ” for 1 ,3—d initrobenzene is still favored over 5—amino—
2 ,4—din itroto l ue ne . The rati ngs for the proj ect for 2 ,4- and 3,4-
dinitrotol uene are probably lower than that for 5—am i no—2 ,4—d initro—
tol uene. The rating of project “MT’ for 2,6— dinitrotoluene above “LTM”
for TNT is probably valid. The projects as ordered in Table 12 would
consti tute the recommended ordering for research.

CONCLUSIONS AND RECO MMEND ATIONS

HR AM gives the decision—maker ins ights i nto several aspects of the
TNT wastewater compounds that would have been di fficult to attain
otherw i se.

1. A numeri cal rating for the hazard of these compounds which takes
into account know n or estimated environmental , toxicolog i cal , discharg e
an d demographic data . One unusual result of the hazard computati ons is
that the largest hazard was from TNT in non- condensate water ” situations.
Without taking this into account , TNT would have been a com pound of i nter-
mediate concern as a “condensate wa ter ” constituent.

2. A numeri cal rating system of ha zard that a l lows for a com par i son
between different population types . In the analysis , much of the hazard
was fish—oriented. For human hazards , the mutagenic or carci nogeni c
effect predominated. This predomination is not considered conc lusive at
this stage of data deve ’opme~-t.

3. A research project rating system based on a plausible economic
approach . In the exercise , tne research project “MT’ for all nine com-
ponents conside red wou i~ have been favored over any “LTM” p roject. The
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ra ting system was demonstrated under different levels of Monte—Carlo
s im ul ations for  a g i v e n  run and for replicate runs for a given n umber of
Monte—Carl o simulations. For more accurate ratings , the second procedure
is re commended.

Many of the data manipul ati ons emp loyed to develop the data base are
highly empiri cal . Since HRAM is a u nique  approach to the allocation —
decision prob l em, some may remain empir i cal . Major emphasis has been on
consistent methods to process information . This has included:

a. The processing of concentrati on data from “condensate water ”
sample analysis to provide estimates of Q.

b. The pro cessing of vaporization and photolysis data to provide
estimates of LMD.

c. The processing of mutageni c bioassay data to provide estimates
of S(C).

There is a need to imp rove these methods .

The computations to dete rmi ne d~scharge rates point up the danger ofnon-critical a cceptan ce of concentrati on data . The decision-ra ker should
be aware of data—processing procedures used in th~s exerc ise. Some of
the compounds whose presence in wastewater can be masked in the perform-
ance of a gas chromatogr am are nrime candi dates for contin ued studies .
Less empiri cal methods of assessing concentrati ons derived under s uch
si tuati ons should be developed.

The envi ronmental fate of compounds was of great interest to the
conferees at the 23—24 February 1978 meeting. In this analysis , the
populations at risk were so spaced in trave l time that barring gross
misass igriments of LMD , the sensit i v i ty of results to LMD were not large.

Howeve r, seve ral other mechanis n5 that occur in the environment,
such as biode gradation , adsor ption in the sediment and reactions wi th
wate r, have not been included. Even a rough understanding of these
mechanisms , given the divers i ty of the locations and of the real envir-
onment , would be a formi dable task. Perha ps a standardized set of fate
tests may be a more useful approach to providing data for LMD estimates .

Human effe cts data p roces s i ng i s an area fo r ~r~provement. The use of
potency factors in th is study (see page 39) as a scale factor for 5(C) is
highly speculati ve. How ever , as more data are coflected by microbial
mutagenic bioassay and mammalian carci nogenic and riutageni c bioassay for
compounds , such an approach may gain a cceptance .
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I
One observati on of hazards (Table 7) was that when default S(CTR)

and S(CTG) were assigned , the contributi ons of these effects were smal l
compared to that from S(C) . A restudy of the default val ue assignment
procedures may be meri ted. Another problem is that, wi thin reasonable
limi ts, there will be dose l evels at which a compound causes a CTR and a
CTG e ffect. This is not true for a C effect. This conceptual difference
is not yet resolved in mathemati cal terms amenable to HRAM algori thms .

There will be a continuing n eed to incorporate new informati on wi thin
the HR A M data format. As one example , after the analysis was completed,
octanol-water partition coefficient data became available. This may
infl uence LMD, as it may be an indi cato r of the ability of a compound to
adso rb on sedi ment. It may also infl uence R for humans , as a l a rge r
amo unt of compoun d in sedi ment would be more liable to removal in water
treatment processes . It may even cause non—default R to be refined for
f i sh , which woul d be indicati ve of different potential s for compound
ingestion by fish.

The TNT wastewater study involved compounds with c ommon discharge
points and coninon uncertainty assignments to many data inputs. This
allows for in-depth assessment of allocati on resul ts. This will not be
true in the general case. Because of statistical treatment of data inputs
and uncertainties and stochastic methods , the results incorporate certain
unus ual features. Th ese feature s are unavoidable.

Fi rst, the assumption of log—normal hazard for proj ects wh ich involve
hazards corresponding to Eq uation (3) was reasonable. This was in part
due to a j udici ous choice of uncertainties for input data variables .
Ha zards computed as part of the allocation methodology wi l l  not be equal
to those computed as part of hazard eval uati on . They wil l  tend to be
highe r. For toxi cological studies , which are the major proj ects of con-
cern for this exercise , Equation (3) is applicable. Conceptually, HRA M
shoul d be able to asses s projects that invol ve more general hazards , s uch
as that of a compound for all effects , one effect for all compounds , or
one location for all compounds . Realistically, the hazards so computed
may not be log—normal . This would cast do ubt as to whether the allocation
methodology would provi de val id resul ts according to the obj ective facto r
concept.

Rating of research projects involves the summation of two or more
obj ecti ve facto rs , since the proj ects effect the uncertainties of more
than one effect. This leads to a numeri cal valuation which is a function
of the random n umber generation sequence and the number 01 Monte—Ca rlo
simulations. If one simulation set is used, there may be transpositions
in ratings due to stati s ti cal vari ance of factors. For a highly dis-
crinhinating allocati on , several simulation runs are suggested. The size
of thes e runs wil l  be a functi on of the a ccuracy desired in the analysis
and of computer time costs. Fortunately , such costs at this laboratory
are low .
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For a “rough look” as to how a group of projects may be allocated ,
one run with 100- 300 Monte—Ca rlo simulations may suffi ce . The study
showed the effe ct of a more discriminating approach with four replica tes
of 100 Monte—Ca rlo simulations . The potential for one or two position
transpositions of rati ngs from what they should be still exists .

Any user shoul d be aware that HRA M results and recommendati ons ulti-
mately are based on data inputs and algorithms . There is no objective
yardstick upon which the val idi ty of HRAM resul ts rests ; this is a comon
trai t of rating systems . HRAM is most dependent upon uncertainty assign-
ments . They were , for the most part, arri ved at on the basis of consen-
sus. The allocation has a high degree of s ubjectivity associated with
it. The user should avoid being too entranced at the n umbers j ust
because they come from a computer. However , critical reviews and refine-
ments based on experiences with HRAM wil l  enhance the confi dence wi th
which HRA M is used. This exercise marks a step in this process.
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APPENDI X A

THE ECONOMI C BASIS FOR HRAM

The adoption of a standard for polluti on discharges by a regulato r
invol ves the trade-off between two costs : a soci oeconomi c adverse cost
of the pollutant and the cost of abatement. An i deal s i t uati on is shown
in Figure A-i for one compound d i s char ge  a t  one locati on. Both cost func-
tions are well—known; AOB is the soci oeconomi c cost functi on and XOY is
the abatement cost function. An ideal trade-off (minimize total cost)
would cause a standard of Q0 to be set. Both costs are C0.

In reality , the abatement cost functi on may be fai rly well known ,
but the socioeconomi c functi on is not. Since a regulator bears a public
responsibility to provi de ample margins of protecti on , the regulato r per-
ceives a function skewed above the socioeconomi c cost. As shown in
Figure A— 2 , this curve is RST. The regulator wishes to maintain a soci o-
eco nomi c cos t o f C0. To do so with the perceived functi on RST requi res
a standard of 

~set~ 
This req ui red additional abatement at an addi ti onal

cost of C —C.set o
In HRAM context, Eq uati on (4) represents a point of AOB. Given

di ffe rent l evels of Q, a complete curv e could be genera ted. In HRAM
context, RST represents the product HU as a function of Q. Of interest
is the point S and the percei ved cost C5. S is indicative of some
operating capaci ty, such as full capaci ty.

The plant operator may accept the existing situation and proceed to
spend Cset for abatement. As an alternati ve , he can convi nce the regu-
lator that research wi l l  decrease the uncertainty of the perceived social—
cost fun ction . After such research , the situati on of Fi gure A— 3 occurs .
The percei ved functi on is R’S’T’. Using the same approach as before, the
standard can now be i ncreased to 

~~set The corresponding abatement cost
is C’sets Cset

_C ’
set has been saved.

Prior to this research , the percei ved soci oeconomi c cost of current
discharges was C5. After research , it is C’s. For a given amount of
abatement savings , it can be seen that the optimal research project is
that which maximizes [(C

s 
— CI

5
)/research cost]. This can be recognized

as the objecti ve factor of HPAM .

But the URAM prob lem is often the obverse ; to show that a given
objective factor maximizes the abatement savings. This can be proven
give n that XOY is either linear or concave upwards . This is not a
stringent limi tation.
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Figure A— l . The Ideal Trade—Off of Socioeconomic
an d Abatement Costs .
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Research may also cause a shift in AOB in that not only does a
decrease in uncertainty occur , b ut so does the refi nement of one or
more components of hazard. Since these are not a priori known (if they
were , the function would have been a priori adj usted), AOB must be
assumed constant for the pre- and post—research analysis.



ACRONYMS AND SYMBOLS USED IN THIS REPORT

NOTE: Severa l sL~scripts i dentified in Table 1 and Figure 1 are not
cited here.

A CRONY MS

AAT Acu te aquati c bioassay research project
AHED Adjusted human equi valent dose
C Carcinogeni c or mutagenic effect in humans
CFS Chronic toxi city effect to fish
CTG Severe chronic toxi c effect to humans
CTR Mild chronic toxic effect to humans
48EC50 Concentration to effect 50 percent of population after

48-hours expos ure

FKL Episodi c fish kill
FSH Fish population i dentifier
H20 Surface water transport medi um identifier
HR.AM Hazard Ranking and A l location Methodology
HUM Human populati on identifier

96150 Concentration lethal to 50 percent of populat ion after
96—hou rs exposure

LTM Lifetime mammalian feeding research project
PRO Research project i dentifier
RDX Cyclotrimethylenetri nitrami ne
TNT 2 ,4,6—Tri ni trotol uene

SYMBOLS OF VARIABLES

C Concentrati on (mg / liter) in body of report. In Appendix ,
a cost

H Ha zard ($/year); Ti, estimate of mean h azard; Hm mean
hazard ean

LMD Environmental disappearance rate constant (year~~)
N Population i dentifier. In Eq uati on (13), number of simulations .

Q Discharge rate of compounds to surface waters (kg/year)
R Water treatment retention f acto r

k~~ 
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S Dose—risk slope. For human , units are gram~~, ~or fish ,
liter/mg-year

SMB Concentrati on-dose conversion factor
SMF Surface water flow (liter/year or ft3/sec)
SMT Travel t ime (days)
U Uncertainty. Often subscripted with referred vari ab~e
V Socioeconomi c cost ($/population unit) or an undefined

vari able (see HRAM As Applied To Surface Wa ter Pollution )
X Non—tox icological overall vari able defined in Equation (14)
h Sample val ue of hazard in Equati on (5)
k Constant in Eq uation (13)

Chi—square d statisti c
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