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Health Effects of Forest Fires

Smioke £3 pozure nssociated witly:
v inTreRsed respicElory 53 nyiee
* incrensed EMErEt Foom visil for mespiraieny disesses
* imtrensed hespitdnstions for respirsiory disenses jasthma ¢hronic
ohatructive pulmienary deemse) heae discase
Health cffects swociaved with:
= Being inibe ares of fires
= Ebrvalrd prriculsie msmed
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Backoround
Cerro Grande Fire

Mav 4: Controlled burn by Nat'] Park Serviee beging in Bandelier
National Monemeni adjacent 1o Los Alamos National Lab (LANL),

Mav $: Declared wildinnd fire

Mav 10&11: 239 houses burned; 25000 evoruoted.
- Manadatory: Los Alomos, White Rock
- Valunary: Espapola

Muay 18: 1% comained, 47,680 agres

Moy FH: NMIMOH invided UTHC fo assisy
Mitchell Walfe, Josly Mot and C.M. Wood deparied May 15th
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Background

& Los Alamos National Laboratory
Mesns and cunvens: eheyation 6,2 007,800 §i
~ 235,000 pereons live wathin S0-mi radivs

27500 peres doral: fire burped 7,500 scres of LANL
TapETTy

Fire burned part or 8l of 112 structures, mosily office
Trailers and storage sheds.




Objectives

e Assessenvironmental moniloring dats

o Determine necessity of evaluating human
exposures to potential contaminants from
wildfire smoke

« Il needed, conduct a study

Objective 1: Assess envirenmentsl monitoring daia
Haoutive ervirosmental moriloring

« LANL: amnual envirenmessl survallsnee repor
A, wles, aedisnenb, poily, sremals, food
-~ Tratasg for rudiagion, mesals, PO B, peancides
- Resuls: “scceptable™hackground lovebs of meials m maon samples
« Particulate sarrer (NMED, LANL. Puchlo )
Py el D & sk
- Reatine monitoring 52 verisus saey (Sanis Fe, Taes, Bernatilla, 1LANL)
- W in Espatols
= Hadianion (LANLTDOENMED, EP 4
- Large network of teseng fe pamma jreal-time monigoring) phus routine
Rirboime pasteubier samples far gross slpha. bt gammn or radiomaclides
Morwmiet : hnpinewenet land povismbybor s g
- Aimet: hpoiwww mr-ganline sl ged A b ene CerrnGrandeFire kim
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Environmental monitoring in response to the fire

Bl
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SMED Purndulate Munes Monimring Sibes in Norbern Sew Menoe

Environmental maonitoring in response to the
Cerrn Grande Fire

« Pamiculate Maner iNMED, EPA)
- Additional sites and inervals in ares
Espafioln began May 13
- Hesulls  low excepe elevared on LANL (TA-34) May 13-13.

Ashestos contral,
Cerro Grande Fire




Environmental moniforing in response 1o the
Cerro Grande Fire

s Ashestos
- WMED ait/wipe sarmpics m Los Alamos town
- Rl
= Air Jew | M tomes below accupational standards)

v Wipe 11 boudes limcludimg | sehool), neganive

Radistion and metal monitering,
Los Alamas area
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Environmental monitoring in response to the
Cerro Grande Fire

s Radionuclides
- Many npencies, andoeiduslly and through coordinated testing
- Resuln

= Home samples coneained small ameums of radiosctive
masenal

= Congentrations well below ropulatory levels for safety
= Radipactive matenal determined ta be from natural soorces

Envirenmental monitoering in response to the
Cerrn Grande Fire

e Metals and chemicals {ETA)
- b momtenng sies around LANL, May 12-17

VOCs fioluene. benzene ), PAHS (pyreie), peaticides, and
tetals

- Dnly metls in Espafiola, Mayx 14
- Mesults very low VN PaH, and meinls

Assessment and Recommendations

s Asbestos
*p humen esung recommended

» Hadiation
— Wo humsn 1esting iccommended

= Metals and chemicals
- Hutnan testang recommended for heavy metals
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Objective 11 Determing necessity of evalusting human
expeosures to potential contaminanis from wildfire smake

Wy did woe tesd for meteh?

= Medrly worlid a0l hove been preseer i people wher
we periirmmed dwr fepring

o dnomplees gk meridirng oo for meals dering
Ereaiesr podpriiol for humn capariey

= Low fevels of metaly deres red sn fexnng during the fiee
and In Grevicls Feuine cRvIFeRmEni resing fhefore
the fired
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Why did we anly test same people who were Objective 3: Conduct study
expused (o smoke from the fire?
w Lanked ar the WO -gehe deperia - .pun,-:.l} frivm proigs Reseaurch Q“ﬂ"unx

mered cxpoaed b ke were fe e representunives of e
expen el pognduiion e ke suee e dicln | mes detecnen
rf meily of ihev were Were

Mo of sampling wes necexsary becowse of oure goal 1o
prrform testing o goiekly av posable on o sample large
voeuph o represeni the popnlaian

F o

| =W exposure 1o smoke from the Cerro Grande Fire
nsxacroied with ebevated levels of maals in peoghe i the
nrep of the smoke from the fire?”

2 "Were metal levels detected in peaple Iigh ervouel o
have nepateve henlih effects oo warrant furthor texbing m
mire penple™”

%
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Paotential human exposure

a1 firefiphiers
1,400 (85%) dunng Mav 10-15 when most af LANL bumed
s Beveral hundred Sational Guard, Cany aond Soire Pelice
- Evacuatipns
Roadblocks
- Teailie coniae]
= Higidents of Espafols (pop. %00} und environs
including Trihal Lands, & g San Bdefoneo and Santz Clpra
Puehlos
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Screening

o Qruestionnaite and wrine sample to ey posed ond unesposed:
Furlighters
Cemenuziity
- Froplr whe werr sabale 2 greae deal of the iime dumng fire
- Malenal Guard, (ity Pedive, Fosal, Health Bepanment
= Alsn lesved unexposal in se CeMAlS ol Cupaliont af cilies might give vou
hagher meal bevels
» Definition of “eaposure™:
Firefighters: loughi fies an LANL duning Covrn Grende Fire
Commuanity: wesr in Los Akames or Espadola May 10 or 11
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Sereening {cont.)

s Lab analysis

= |& medals based op aer monidoring, previsas LANL sunweillance
- Teok intn acceunt diduled or concenirated urine

+ For eweenple. drinking s ool wae
- Rrelermnee fer capreied metal bevels; survey of gereral US popultan
- Above relerende: lop 5% ol tamples in the nosenal Farvey

UF 100 peaple. top £ are “abeve relerende”
= Rrerntly obdained mre Ermpent evferener for pome shody medals

Whai does "above reflerence”™ mean?

Viy padhetical meml dasinbuamns

Tup S5

pererafape af praple

mrizl levrd
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Metal testing

_Antimeny __Tungaten

Lobalt  Plainoum
Dickel Thallium
Mplybdenom  lend -
Andminm Llrnnium
[Arenle L Chiomium
Dery lbm Burium

Cesiumm Merewrs

Results
B = 1

How many people were tested, and who were they?

Community sepresentatives (135 persons Tested )

How many peaple were tested, and who were they?

Community representatives (135 persons tested |
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How many people were tested, and who were they?

Firefighters: (92 persons tested)
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How many people were tested, and who were they?

Firefizhters (92 persons tested)
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Research Quession 1) “Was exposure fe smeke from the
Cerro Grande Fire assecianed with clevated metals”

Analvsis

= Remove the effect of other things that can affect metal
fevel other than smoke (age, pender. smoking, city)

= Computer statistical technigues (regression analysis)

Fur which metuls was there a sipnificant associntion
between smoke exposure and metal level?
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Was there sr asswiation berween smoke espasue sand

mickel, chromuim, cesim or wesnkum level?

et
[ ey [ [ p—

— T2 i e prrm—

s - ” i 1

- - * s T

[y - . 7] 7]

p—— - [ W =

Hmmrwir

C | ot el e

Lo -

bt = - s i

S—— - 3 - "

S— - = a 1 w

o association, sowhere might these lesels inve come from?

POSTER




Ursne urassum iseinps enalvses, Cerre Graminde Fer
LA 3 et =mle
Shawp 1het wisnium was miursll-aroimmag
P ——
M AP e e i i

a3 == R

N:lumil}'rn{:culnwg UTENIWE COnCEniraiEoms, L/SA
Highk Ivels provesusts shasn ta Marisers Sen Melico waler

i S —— i G m e
P T T
L L B T B e 1 8
- e T T
POSTER e R SnENE dmie
e T
e e
- = am
o e "
= 2 G ~EE £
. - Discussion
Cesium iselope testing
« Some metal levels in people were sbove normal
# Tested sample with highest cesivm to determine
CeSlum:Aselopes + Ofthe 16 metals vested, cesivm, uranivm, chromium,
+ lsutopes identified as naturally occurring and nickel have more than expected number of peaple
with values above most in the genersl population
— all Cs 133, e Cs 137
= Mo association of elevated metals in people with
wildfire smoke exposure
= o, o 3

Study issues

w Sampling

neededd wowet quickdy bergiss i tese mieeval from fire 19 sesting, s
mrial bevels may dedsrade

= Lmine testing

= coull sl mair pruple with usple uning 1691 tien s Thmir arne
catlectian

» Classification of expozure

Moo blomarker s mrasyry eae0 Bmisani o Esporury, o rehed on
qurrBnnnare, Sinde e smoke was o wideprend, guesnimonse wad
likely  prod M of rxpmary
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Summary

» We sought to cvaluate buman exposures 10 potental comamimanis
in wildfire smoke

» Screening for heavy metals wis deemed appropriare

« We tested people rom proops we expected 1 be must exposed

» Tharn don'y show thnt mesaks detecied in people were associated with
wildfire smoke exposire

=« But, we found mare people than expected had meml kevels of
uranium, cesium, chiomaum, and mckel thp were prealer than those
found in mostof the general US population
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Further Discussion

= Research Question 2: “Were metal levels detected in

prople high cnoogh to cause segative health effects, or
towarrant Turther testing in more people?”
= lasucy wath specific metnls
+ possible sourees of nickel, cemum, and chaomium
- Ketesting?
Clenacal follow-up?

LS

= 2

DI



o 0t 80¢ uaisbun]

SOT IT LTT wniue.n

0 TT L2 wnijjeyL

0 0T 80T Auownuy

0 TT LTZ wnune|d

) TT LTT pea’

OTT IT LTT 921N

8 6 I8T wnuapqgAjop

5 TT LT Aanoasp

0¢ TT LTT wnisad

€T 1T LTT wniwoayd

0 1T & ¥4 eqo)

€ TT LZT wniwpe)

rd TT L2 wnijjAiog

8 TT LTT wnieg

4 TT LTT J1UdSIY
—uﬂ?umumn_ﬂ. _umﬂ_.m.?m_mv mu.mm._. elai

'S1S9] PI}eAl|d |2q 03 pajdadxy JO
Jo Jaquinp daquinnN daquinN

SanjeA |e13|W PajeAd|] JO JaquINN PIAIRsSqO pue pajdadxy

3414 9pueds 04.19)




{an|ea @INE00Ea,, 0F NP 4 U] ASEIEIU] @4 "8%1) SqqeHes AnsodEs, Jo UoPeeuod Pied = paienbs-g,
|Bp0 s BEUR S0} 1214 VADQMY S0} #njea-d = 4

[BpOLd ey Jo paienbs-y paisafpyy,

uRal Jnewosl = WO

B ELEA BINFO0D 10y BnjEA-d,

SpeEs Bansodxe o) el

I TE" oo- 8T o v cE! E'T dx3 winigean
1 i =2
1o’ zo’ 8O’ 8'E 8's 8t 68’ 7T Japuab Ay dx3 1242IN) 3
a
- - -t o
o ED* 89* oz 91" L Le' T'T- ayows Japuab dx3 Wwniwoayd m
] (U193 uoPEIBIW ) nuww_____u_u dnoJb “m.._u_u.m‘n:uun }..._u BuiyoLws Lﬂ_u...._wm abe aunsodxa "_ru.u_t [eiuy
. - . ) ) . . dxaxdAyz Ao ......::.__m..:
0T S0 T F 4] £0 4 St E't abe Japuab dx3 i
90 10° ET* 8'z . #'9 £z 80° Pia i abe dx3 12IN| @ i
v o s - m._- e
v0™- 0’ L1 6T 9T 9 Le! 01 19puab abe dx3 wniwolyy| & 3
v’ oo’ 8T’ g's 9'E s apD* £'1- abe dx3 wnisan
T | < i cH pesodxaun | pasodxa [sanjea pajeasaja| d e1ag | 2RO JEULY TSET™
v D eD 40 J3qLUny
. {(yp23 uopseaagul) dxaxAjrn Ao Buijows sapyeb abe sinsodxa J@pow [BIU] ._

_—_————————————————————————————————

. , . i . \ ] dxaxiji> ayows m
ro oo (A Sy 6'E £ ED L 1apuab abe Ayo dx3 winisa w
= x T W
. : . ; . ; ; dxaxAjn 4
vo ED 80 6’9 6'E T S0 tET- ayows Ao dx3 Jluasty m
{ L2y uoioedayyl) dxaxAye dnotb (euopednaso Ayd Gyiyows Japyab abe sunsodxa :epow BRIV
80° oo* L [ EE’ 6£° Fd oo’ £°T Japuzb abe dx3 wnnuped| =
. . dxaxAyo — 3
ST ao Iz gL o'y (i} oo 9 LT Ao dx3 !
(aiz sd rd pasodxayn pasodxa |san|ea pajeaaj2| :d (e12g |2poK |euld _ [GIETT
Py WD WD 40 Jaquunp
a " e o [LTTEE] .._E._..uE.w_u_..__.”. dxaxAlls __....:u. BuyoLus Lw_utum obe aunsodxa :japow |ERul

S|9pON UO0ISSa169Yy jeuld paldl|as jo Alewwing



6C sz v (*bnqv Ajutew) 13y3o
| ¥4 T 0¢ M3d ejues
cv 0 & 7 sowe|y so7
sliajybijaiig
oT OT . 0 24 ejues
0T 0 oT ejoueds3
juawisedap yljeaH
8 L T 94 ejues
rd rd 0 anb.ianbnq)y
6 0 6 ejouedsy
S12)40M |B}SOd
IC 6T [4 94 ejues
€T 0 €T ejoueds3
221]0d
8¢ 174 ve | 24 ejues
144 oT T anbJanbnq|y
pJenc [euoijeN
(zg=u) (geg=u) o |
jejol pasodxaun ﬂwmonxm_. dnouan jeuoijednsdp
Ai1ob3ajed ainsodx3y

" 3d14 dpueln 0413)
alnsodxg pue A3} Aq dnods jeuoljednddQ




Yat0'( 9500 WSE'D 000 nap pis
%1Z'66 %S50°0- %Eg'0 | 000 1" " qddzo 6000 |
Wi | %S0Q | wErQ | 000 “hSp pis o il
%TT66 |  %7I00- | %080 | 000 qdd p°1 1000
YEED  %EZD %ezQ 000 mpps | T -
 9%SZ°66 %100 |  %LL'0 00'0 , o qdd 8°0 1110
%800 %200 | %00 . 00D . A3 PIs S
%8BT 66 %100~ YT L D 00'0 - ~ qdd p'g . v01°0
%ic0 %600  %pZ0 : 000 nappis | S o
%ST66 %b0°0 %alL'O 00°0 _ ~ qddo'T E0T0
50270 %ET 0  wito [ 0oy AP P )
%91 66 %E00 %08'0 00°0 - qddg 0 0010
Y%ZE 0 %010 %2C0 00°0 _ AappIs _ .
YET'66 % 0P 0- %580 ) 00'0 il e  qddg'g S600
%1z 0 YB0°0 WETD | 00°0 ABp pIs i
%1Z 66 920" 0- %Z8'0 00°0 T ~ qdd¢'t 0090
Ur1'0 %S00 %Il 00°0 3P pIs - .
%IZ'66 %100~ 9£°0 00°D ) | qddgg 9£00
R ’ ) -5l (EE00-00 # 95€3) ApNiS 8.i4 SOWE|Y S07 WOl s3|dwWes
8EZ-N [ 9£Z-N SEZ-N _ vEZ-N "~ (qdd) uoenuasuol N paniasqo g
P (o4 ) sa0UEpUNngy 2dojost paalasqQ s = i iR . i
% LT 66 T TTen | wzeo | owssooo s1 @duepunqy 2dojosT WNIUEIN [BINEN
8EZ-N 9€Z-N i SEZ-N veEZ-n | e o ciiniininiiy ¢ i
o ) SWdDI 2jodnipend 0009 NY13 WBWNISUT 00-9Z-9 :23eQ sisAjeuy]
T o e LR T sjyswgeansealy esueplngy 2dojosT wniveln

T W T T W B B e | s e b i

- (6=u) 2414 pueisn 04439 ‘sisAjeuy 21dojosT wniuedn Aulin

€661 ‘VSN ‘suonesjuaduo) wniueldn buiiinddo-AjjeinieN




-

‘ Investigation of Heavy Metals
Cerro Grande Fire

Los Alamos, New Mexico
May 2000

CDC Epi-Aid 2000-40
Mitchell Wolfe', Josh Mott', Ron Voorhees*, C. Mack Sewell', C.M. Wood®, Dan
Paschal’, Stephen Redd’

1 -Air Pollution and Respiratory Health Branch, EHHE, NCEH, CDC
2 — Toxicology Branch, Division of Laboratory Sciences, NCEH, CDC
3 — Radiation Branch, EHHE, NCEH, CDC

4 — New Mexico Department of Health

Background

¢ May 4: Controlled burn by National Park Service begins in
Bandelier National Monument adjacent to Los Alamos National Lab
(LANL).
* May S: Declared wildland fire.
" May 10&11: 239 houses burned; 25,000 evacuated.
— Mandatory: Los Alamos, White Rock
— Voluntary: Espaiiola
* May 18: 100% contained, 47,650 acres
* May 18: NMDOH invited CDC to assist:
— Mitchell Wolfe, Josh Mott, and C.M. Wood departed May 18th

" Los Alamos National Laboratory
— Mesas and canyons: elevation 6,200-7,800 ft.
- 27,500 acres total: fire burned 7,500 acres of LANL property
— Fire burned part or all of 112 structures



Objectives

Assess environmental monitoring data

Determine necessity of evaluating human exposures to potential
contaminants from wildfire smoke
If needed, conduct a study

Objective 1: Assess environmental monitoring data
Routine environmental monitoring
" LANL: annual environmental surveillance report
- Air, water, sediments, soils, animals, food
- Testing for radiation, metals, poly chlorinated biphenyls (PCBs), pesticides
- Results: “acceptable™/background levels of metals in most samples

" Particulate matter (New Mexico Environmental Department—NMED, LANL,
Pueblos)

— Part of fire smoke
- Routine monitoring at various sites (Santa Fe, Taos, Bernalillo, LANL)
- Not in Espafiola
" Radiation (LANL/DOE/NMED, Environmental Protection Agency--EPA)
- Large network of testing for gamma (real-time monitoring) plus routine airborne
particulate samples for gross alpha, beta, gamma or radionuclides
- Newnet : http://newnet.lanl.gov/stabyloc.asp
- Airnet: http://www.air-quality.lanl.gov/AirConc_CerroGrandeFire htm

Environmental monitoring in response to the fire

" Particulate Matter (NMED, EPA)
— Additional sites and intervals in area
— Espafiola began May 13
— Results: low except elevated on LANL (TA-54) May 12-13.

Asbestos control

Environmental monitoring in response to the Cerro Grande Fire
" Asbestos
— NMED air/wipe samples in Los Alamos town
- Results
* Air: low (10 times below occupational standards)
* Wipe: 11 houses (including 1 school), negative
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Radiation and metal monitoring, Los Alamos area

Environmental monitoring in response to the Radionuclides
— Many agencies, individually and through coordinated testing
— Results:
* Some samples contained small amounts of radioactive material
* Concentrations well below regulatory levels for safety
* Radioactive material determined to be from natural sources

Environmental monitoring in response to the

Metals and chemicals (EPA)
— 6 monitoring sites around LANL, May 12-17
— Volatile Organic Compounds--VOCs (toluene, benzene), Polyaromatic
Hydrocarbons--PAHs (pyrene), pesticides, and metals
— Only metals in Espafiola, May 14.
— Results: very low VOC, PAH, and metals

Assessment and Recommendations
* Asbestos
— No human testing recommended

" Radiation
— No human testing recommended

" Metals and chemicals
— Human testing recommended for heavy metals

Objective 2: Determine necessity of evaluating human exposures to potential
contaminants from wildfire smoke
Why did we test for metals?
* Metals would still have been present in people when we performed our testing.

* Incomplete air monitoring data for metals during greatest potential Jfor human
exposure.

s Low levels of metals detected in testing during the Jire and in previous routine
environmental testing (before the fire).



Why did we only test some people who were
exposed to smoke from the fire?

" Looked at the “worst-case scenario” — people from groups most exposed to smoke
were 1o be representatives of the exposed population to make sure we didn’t miss
detection of metals if they were there.

" Method of sampling was necessary because of our goal to perform testing as quickly
as possible on a sample large enough to represent the population.

Objective 3: Conduct study
Research Questions:

1. “Was exposure to smoke from the Cerro Grande Fire associated with elevated
levels of metals in people in the area of the smoke from the fire?”

2. “Were metal levels detected in people high enough to have negative health effects
or warrant further testing in more people?”

Potential human exposure

1,600 firefighters

— 1,400 (88%) during May 10-15, when most of LANL burned
Several hundred National Guard, City and State Police

— Evacuations

— Roadblocks

— Traffic control

" Residents of Espaiiola (pop. 9,000) and environs
— including Tribal Lands, e.g. San Ildefonso and Santa Clara Pueblos

Screening
" Questionnaire and urine sample to exposed and unexposed:
- Firefighters
- Community

- People who were outside a great deal of the time during fire
- National Guard, City Police, Postal, Health Department
- Also tested unexposed in case certain occupations or cities might give you higher
metal levels
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Occupational Group by City and Exposure

Cerro Grande Fire

Exposure Category
Occupational Group Exposed Unexposed Total
n=83 n=52

National Guard

Albuquerque 14 10 24

Santa Fe 24 A 28
Police

Espanola 23 0 23

Santa Fe 2 19 21
Postal Workers

Espanola 9 0 9

Albuquerque 0 2 2

Santa Fe 1 7 8
Health Department

Espanola 10 0 10

Santa Fe 0 10 10
Fire Fighters

Los Alamos 42 42

Santa Fe 20 1 21

Other (Mainly Albuquerque) 4 25 29

" Definition of “exposure”:

- Firefighters: fought fires on LANL during Cerro Grande Fire
- Community: were in Los Alamos or Espafiola May 10 or 11

* Lab analysis

- 16 metals based on air monitoring, previous LANL surveillance
- Took into account diluted or concentrated urine

+ For example, drinking a lot of water
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What does “above reference” mean?
- Reference for expected metal levels: survey of general US population
- Above reference: top 5% of samples in the national survey
— If 100 people, top 5 are “above reference”
~ Recently obtained more stringent reference for some study metals

-

Research Question 1: “Was exposure to smoke from the Cerro Grande
Fire associated with elevated metals”

Answer: No positive association of metals with smoke exposure

* Only exception is cadmium in National Guard, but there were only 2 cadmium level
above reference, and the difference in levels between exposed and unexposed
people was small

* Some negative associations, meaning higher levels in unexposed persons, which
would be due to something other than smoke.

Now let’s examine the number of people with metal levels above those found in most
people in the general US population.

Which metals have more than the expected number of people with levels above
those found in most of the general population?
(remember, these metals were not associated with smoke exposure)

Naturally-occurring uranium concentrations, USA
High levels previously shown in Northern New Mexico water

Cesium isotope testing
" Tested sample with highest cesium to determine cesium isotopes
" Isotopes identified as naturally occurring
— all Cs 133 (naturally occurring)
— no Cs 137

Discussion
Some metal levels in people were above normal

Of the 16 metals tested, cesium, uranium, chromium, and nickel have more than
expected number of people with values above most in the general population

" No association of elevated metals in people with wildfire smoke exposure



Study issues
Sampling
- needed to act quickly because in time interval from fire to testing, some metal
levels may decrease

Urine testing
- could test more people with single urine test than a 24-hour urine collection

* Classification of exposure
- No biomarker to measure exact amount of exposure, so relied on questionnaire.

Since fire smoke was so widespread, questionnaire was likely a good measure of
exposure

Summary

" We sought to evaluate human exposures to potential contaminants in wildfire smoke
" Screening for heavy metals was deemed appropriate

~ We tested people from groups we expected to be most exposed

" Data don’t show that metals detected in people were associated with wildfire smoke
exposure

" But, we found more people than expected had metal levels of uranium, cesium,

chromium, and nickel that were greater than those found in most of the general US
population

Further Discussion
" Research Question 2: “Were metal levels detected in people high
enough to cause negative health effects, or to warrant further testing
in more people?”
— Issues with specific metals
* possible sources of nickel, cesium, and chromium
— Re-testing?
— Clinical follow-up?



