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CONTINUOUS MONITORING IN OCCUPIED RESIDENCES OF AIR CONTAMINANTS
FROM UNVENTED COMBUSTION SOURCES
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Abstract

Continuous monitoring of NO, NO,, CO, COZ’ 502 and 02 depletion was
conducted in 14 residences (13 with Eerosene space heaters and one
without) in two locations in the residence (room with the heater and
bedroom) and outdoors. The continuous monitoring was conducted
concurrently with integrated passive monitoring for NO,, SO, and
infiltration rate. Pea§ concentrations secorded were: S0, = 1155.8
pg/m~, NO, = 847.4 pg/m~, CO = 21.1 mg/m” and CO, = 0.78%7  Average/NO
and SO, diring kerosene heater use for the whole sampling period in each
residefice calculated frgm the integrated monitors and continuous
monitors agreed well (r” > 0.87) while average NO, and SO, levels
calculated from the/integrated monitors underestimated peak exposures by
greater than 30%. Decays of reactive gases (NO, and SO,) were always
greater than non-reactive gases (CO,) but no consistent pattern within
or between residences was evident. “Integrated infiltration rates
(perfluorocarbon tracer technique) agreed well with the average
non-reactive gas decay rates.

Introduction

Several controlled chamber studies have been conducted to study the
air pollutant emission by-products from unvented kerosene space heaters
(7,12). These studies have shown that the use of such heaters may
result in human exposures to several air pollutants at concentrations
well in excess of existing ambient health standards, and in some cases
in excess of occupational health standards. The air contaminants
identified in the chamber studies to be of concern include nitrogen
dioxide (NO,), carbon monoxide (CO) and sulfur dioxide (SO,). Carbon
dioxide (COZ) and oxygen depletion have been studied as well.

We conducted a field study during the heating season of
January-April 1983 in the New Haven CT. (USA) area to assess air
pollutant exposures and health effects associated with the use of
unvented space heaters fueled by kerosene (3,8). The exposure
assessment portion of the study employed a staged design of monitoring
and, estimation. One important component of the staged design was the
continuous monitoring for selected air pollutants in a sub-sample of the
residences in the study. The continuous monitoring, which was conducted
concurrently with the integrated monitoring in the study allowed for an
assessment of: a) peak and average concentrations of NO, NO,, SO, CO,
CO, and O, depletion during heater use; b) the relaticnship among peak
concentragions, average concentrations during heater use and integrated

exposures to NO2 and SOZ; and c¢) the estimation of removal rates of



g/°0 JO IJUSTOTFF200 UOFIE[21100 B padnpoid sased aafidesi-uou jo

feosp 9yl WO1j PaUIWIIISP SIIBI UOFIBRIITFIUT d3vIaAe syl Yifa (enbruyoal
uoqaedoionTyiad) sswmoy paiojruom ATsSnonujyjucd syl 103 poriad Sujydues
afoys 8yl 103 9381 UOTIBIITFIUT poIieadajuf ayjl jo uosfiedmod y °Z JO
103983 B SB yonu s& Aq PITIBA S$931B1 UOTIBIITTFUF S9snoy UTYIth “(Yde T
19a0 03 yoe g@I°Q) A731e218 Li1eA UEBD S3WOY UIIMIDG $3]BI UOFIBAITTIUT IBYI
paiedfpul sosed safpldeai-uou syl 3o sLed9p ayjl WOl PIIBTNOTED Sd3E1
WOT3IBIITFJUI ‘@OuapIsal ayi jo (anoy isd saBueyd AFe) 3Jel UOTIBAITTIUT
3y Jo ®AFIEOJPU 21k K9yl °WOOI 3YJ UF UOFIBIIUIDUOD 3ufTaseq syl

03 3JO aInys sem l193eay 2ussoldy 9yl YdFya e jurod syj woiy kuwﬂzwamu
a1am asayl " (S0°0 < d) Ius123ITP ATIuedFIFulFs Jou a21am (ON pue 092)
sesed sArioeai-uou jo sajexr Leo9p Y] “SWISJ HUTS Pu® 3JBI UOCTIBAITTIIUT
2yl aie SIOOpUF PIAIISQO STIAS] IUBUFWEIUOD ITE 3yl FJuprroijuod
sisjsuweied juejiodwy 3som a3yl JO OM] Sa9sSS30014.[EAOWAY (S Pue “ON

. *(sadoTs 2Yyj woij pPauUTWIIIaP)

1a3e218 %Q¢ Ses Teael “0s yead ay3z (2 ‘pue fssn z33eay Bupanp
uogjeajusougd a8exaae ayj ueyl asydry yng 28el1sse ue sea T3AIT “ON yead
ay3 (q “hmom 103 76°0 = I pue Noz 103 %6°0 = 1) pe3aeraiiod Ayydyy aie
son{eA 2Say3 (@ :S33LDFPUT I103TUOW SNonuTIuod £q paufelqo sTaAl] yead

y3Ts @sn Isieay Supinp ST243] Cog pue CoN e%e1sae jo uostiedmo)

*spoyjswm JUaIafJTP OmMl Y3l £q PIILTNOTEd SUOTILIJUIIUCD 3Teisase 3yl
usamlaq juamwaa18e pood ‘isasmoy ST 213Y] °ISn 1a3e3y JO sSinoy U} pue
¢seoeyins Aq TeaOwa1 JO Sd3Bl1 Uyl UF °S3IBI UOTIRIJTFIUT UF S3IOUAIIITP
ay3 30973ex1 LK[qeqoiad SUOFIBTAP vmmvcmum www;a *S103TUOW SNONUTIUOD
ay) woij pe3le[nd[ed sanfea “QS pue "ON 3Zeiaae YIF4 PIIBFIOSSE
SUOTJETASP plEpueis a2yl pue uosytieduwod STyl moys g pue | S2In3fd

+(sanoy g <) 3uasd 9sn 195U0T B UEY] SUOTIBIJUIDUOD I=2mOT UL ITnsal T4
(sinoy 7 10 T) 121@ay 84yl Jo SN JI0YS B Y3noyi UIAd JUdAd 2SN 1ad sinoy
&q pa3yBtem jou ai3m s3ITNSal SuTI0ITUOW SNONUTIUOD 3YJ WOIJ PIJLTNITED
sTaa31 NOm pue Noz a8eisae a3yl “siojrTuow m=o=Wﬁuaoo a2y3 jo spiodai

3] WOl pauUfillalap 2SN 13jeay Suganp Ncm pus QN 30 SUOTIEBaJUa20U0D
jead pue 98eisae 9yl 03 paiedmod UBYI SBA UOFIBIIUSIUOD SFEIaAE

sfyl - (g) @sn jo sinoy Te303 3yi 1oy Burisnfpe pue sjueinyiod jo ST2AS]
1oopino i1o0j sjusmainsesw paileidsjuf ayl 3uTIVAII0D £q pauge3jqo 21am
s1037ucm paieifajur 2yl WOlj PaIB[NOTED 2SN I3Ieay JUTINP SUOTIBIIUSIUGD
Zys pue Con S9e1ane syy -sseansodxa yead 10 28EI3AE pUE SUOTIBIIUIIUOD
peoiei8ajur uoamiaq diysuorielai 3Yyj JO UOFIENTEAd UB 10J SMOITE
®JuapIsal yoes U SUTIOITUOCH SMONUTIUOD 8yl Y3Ifa L[Jusiindouod apem Qg
pue CQN JO sjusmainseam pa3leBiZajuf SA[SSeBd S2INSOdXE 3dBIAAY SA Nead

°s13ylo oml uf %06°0
peyoeoidde pue aouapfsal 2uo uf [(g) PABPUBIS d3am u:msnoc ‘a8exaae
paIy3rom awFl IYy-g VHSO VSO 24y3] %0G'0 papeadxa sTaadT “0) yead aTfys
samoy [TE ISQU[E UT papaadxe aiam [(Z) SIUTTAPIN3 AVEHSV/ISNV 24l) %ST°0
Jo syaall Nou jeaq “‘souspyss1 suo LJuo ur papaadxa aiam [(f) piepuels
yatesy JuaTque 1Yy g vdd vSn] @/8w Q] 2a0qe STIAST Q) ‘siaieay aoeds
2UBS019Y YIFM S3DU3pIsal Hﬁmmﬂﬁ [(%#) paepue3s yjfeay juafque a8e1ase
Tenuue ygq ysn] _uw/8rn g papasdxa SIaAl] mom jead ‘sia2ieay IuIS0IIY
jueipel ;uﬁammmﬁo: ueyy sysas] “ON 19y3Ty pey S5193L3Y IATIVDAUOCD

yafm sawoy “[(IT)_Piepuels Yyi[esy Jusfque ETUIOIF[eD ‘1Y 1] _w/3n o8

JO SSP9Xa Ul ST9AS Noz pPeY L[IU93ISTSUOD IDUIPTSII 3U0 STFYM .mmocwvﬁwou

6LC

" uem{oag ® Y3ifm

3y3l Uy Suorleo0T Yjoq ul [(%) paepueis yiyeay justque 3aBeisae

Tenuue ydd ysn] _w/8rn o1 pepeadxa ATyedydL3 Noz JOo ST°AS] jBad “SHUIS
03 3[qeinqfilie fases 8ATIOEBa1 aiouw 3y3j JO TETIU2I3JJIP [EBUOFIBIJUIDUOD
a3yl YyiFm sswoy 3yl 3noy3noiyl suolssTws ayl jo Jufxiw pidea

$38283ns SFYl ‘sSawoy 8yl UT SuOTILDO0T Yjoq uf wiojrun A[Teisaual a13m
(uopisydap No % pue Nou ‘ON “0D) sosed aATldeaI-uUOU BY) JO ST3A3T I[FYm
¢g193€3Y SUS013Y 3yl Y3IFA swool a3yl uf 13y3yy AfTraguad a1om (“ON pue
0S) sosed sariloeel jo suofjeijusouod yead ayl °g0°0 Noo pue ¢ w/3w ¢°¢
00 ¢ w/8d 6 112 Noz ¢ w/8n G-zzz SeM ON JO T®49] mem ay3y arTIfm o aiam
uwmmw: ou pue 0>0ummmmm B_Y3fa awoy auo ayj uf “gS JO Suofjerjusoduo)
"¥50°0 03 7z1°0 uoraardep %o pus 38,0 03 %170 o0 f.m/3u T°1g-0 ‘00
/31 [yg o3 w/3 g1 ‘"oN fw/Bn gogz 03 ,w/8 o ‘ON f wM g GG o3
NE\w: /10T ¢ om f{sem siajeay m:mwoum& yirn mwmon uy saseld mo (p@3oe13gns
€ ST2A3T punoldyoeq) SUOTIBIJU3DUOCD JO 3Juel ay] UOTIRIIUSIUO) B3]

4

*2snoy ay3j jo 1sa1 ayl 03 uado 919M YOTYM SWOOI U PISN a1aM SI33EBAY
2uas013) 2yl TIV °%€80°0 ©3 %IZ0°0 wmoxj paduea fanj ayl jo 3uajuod
anjIns 9y °SI193EB3Y IUIS0II| SATIDSAUOCD pasn JYJ[e pue S123B3Y BUIS0IIN
JuBfpel Pasn IATJ ‘sa2a031s Buryooo seld pey seduspfsai 3yl IO Inojg
*(.Ww 0§g) Youel pasTeI B S YIONS samwoy I1281ef 03 ( W g/T) Iudwiiede
Hﬁmmm AT2AT3BT91 B Wolj palojfuow 31aM SawWoy JO mwsmﬁo> pue sad4{3 jo
28uel PpFA Y °SINOY G'/Q O3 SINOY G°¢ wWoliy paduex papiodal Iasn 13ajeay
auaso019y JO Sinoy Yyl °sSINOY gQ¢ O3 SINOY ¢ Woij paduel sadusprsal 3yl
ut 3ujpdwes snonupjuod JO sSinoy Jo Iaqunu SYL °3a03s Jupryood sed e aaey
PTP 3INq 133E3Y D2U3S0I3) OU PBY 20U2PTSal1 auo pue siajeay 3deds suasoiay
PajusAun pasn SaouapIsal 9yl Jo usaITY] -4£pnis PIOII 9yl JO 9SINOD

2y3 Suranp paiojjuow LTSNONUTIUOD 2I9M SIIUSPTSDI 4T JO [BIOT V

UOTSSNOST(J pue s3Tnsay

anjTns agdejuadaad

103 paz£TBUB puE PaUTE3}qO 213M 3JUSPTSaI YoB3a I0J sayduwes Tanjy

auaso1a) °(9) enbjuyoaj isoeil uoqaedoaonyjaad sy3z Bufsn saouapysaa

jo oydues B 103J pPaujelqo SBM 23BI UOTIBIITFIJUT 8yl JO 2anseau pajeadajur

uy °*S100p3N0 pue WOO1paq ‘wool Sujal] 8yl i1ojy poraad Suyydues

Te303 2y3 12A0 paufe3lqo aism [(QT) sisTdwes uorjesmiad Jufsn] NOm

pue °[(6) saqn3 samyed Juysn] Noz JO sjusmeinsesm pajeidajul aduspysai

yoes uy - (sydeaBomiayjzoip£y) UOTIEDOT YOE® B SWTI dWES 3Y3 1B PapioIal

a19m £L3Tpyuny pue ainjeiadwa] °SIoOPINO UOTIBDOT dUO pug (WOOIpaq

pue woox SujAF] 10 I331e3Y 9Yl YITM WOOI) IDUIPTSal YOBD IPISU] SUOTIBDOT

OM3} U 9pBE 31384 S]usWRInNsSesw dsay] °*IaZA[eue [EITWAYD0I3ID3T3 TIWO

Nc pue 1azLTBUB P2IBIJUT ()98 UBWNDSg B YITm Noo €1032233Q

0D ddS TE2FWaYyd013da[® OFI3I9TY Hmuwcwo B Y3iTA QD .mmnhamzm aouadsaionTy

0688 Topouw SqeT I103TUOR B Yifa “QS .umnmﬁmcm ON ®duSdSUTUNTTWdYD

O%%8 T3pow sqeT 203ITUOH B Yitsa (ON — ON = "ON PUB ON ¢ ON) S3pFxo

us3oilfu :a1am painsesm A[snonuijuod siajaweaed K3fTenb a1y - aaqueyd

TPlUSWUOITAUS INO UF po3sal pue 1(inq ‘paulfsop sem juamdinbs Buyydues
1ye pue Sujfpuey IJE puB SISpPAODAI YITAM NOEBI juawnilsuf afqeixod y

SPOY3IaN

*sased aAl31oE31-ucu 3yl jo Leosp

2y3 wWoxJ sa23jel UOFIBIFTFIJUF Pue sadejans £q ANom pue Nozv sase8 aAfioBOIL

8LC



*TLE-69E LT ‘€861 ‘°Touydal °"Fds °aug ‘saajesy
soedg peafi @2u@soaa) a[qejiog WOIJ SUOFSSTWY JueiInffod °q°D
‘TTOMOTTOH PuUE "¥'[ ‘UBWITH °°9°W ‘93dy ‘-y¥'r ‘waly °m°H ‘aoufei]

*LL6T 00T0L uoFId3s ‘g1 a@adeyoqns
{1 °TITL ‘°9pOD PAFIBIISTUTWNPY EBFUIOFFTED ‘EJUIOIFIED JO 23E3S

*TES-9TS ‘L “€L61 ‘-Touydadl °FI§ ‘aAujy
fa1npedol1d 9}9B9 IS8y pue uofjeamiag Surierodiodul SPIXOFd INFINS
JO UOT3IBUTWILIA( PUE UOTIDATLO) °M°d €383 pue *(°Y ‘1auzsiay

"LLS-0LS LE ‘9.6
sep *doeey °*B8LH °pul °‘wy °3pFx0Fq uaB0ajzFN 103 iardues Teuosiag
*g ‘y4Lzomo] pu® °[ ‘of3ijeuwId ‘°I°V ‘uosjuun)y ‘°q-y °sauyed

*yg6T WTOYA2031§ “23vWFTD pue A3IFTend 1Fy Ioopuf

Uo0 32U2I3JU0) JPUOFIBUIIIUI PaE 3yl Jo Buppaadolg ‘Iouws 020eqO]L
WeI1ISIPFS puw moonnﬁﬁnum 8B9 ¢‘193Baf ooedg auasoia)y poajusauf]

Y3IFA pa3jeEoossy OHDH puw NOm ¢“ON 03 @ansodxg TBTIUSPTsAY  °"S°D °‘BH
pue oy r ‘AfIa103s ‘W ‘yoraxeg ‘°L°¥ ‘Iystumadez ¢°4°d ‘1aidped]

*STIT-€TTIT “8T7 ‘Z86T €3°uaydS °s8aa31e’l
aovdg @u@8019Y WO13J suolssfwd juein[yod ITY °d°d ©1213peI]

*gEY-6T¥ ‘8 (Z86T) TERUOFIEUIAIUL
*aug °anbjuyoe3 aeoe13 uoqaeooronyjiad juajusauod B Buisn

awoy ® U S3UAWAANSEBIMW UOTIBAITFIUT ATV °V°T “@30) pue °N*¥ z391d

*000T :O0T6T ‘(6.6 ©°D°a ‘uoiBujysep
¢32T330 wﬁﬁuﬂﬂhm JUBWUIDA0H) 67 2TITFL .wﬁOﬁumHﬁwUM TE18pad JO 2pOD

*I1°0S Pue “g-0¢ “#°0S s3aaed (0861 °'D°Q ‘uoadurysepy
$207330 SufjuTid IUSWUIAA0D) (O ITITL “suofie[ndey Teaapaj Jo apo)

‘4861 WLOYD03g @rPWTT) pue LIF[end ITY

I00pU] UO 3DUaAPJUO) TBUOTIBUISIU] PIf 3yl Jo sJufppsadoig *S201N0§
U0FISNQUO) PaudAuf 03 pasodxg UlIpIFYD uy ssauyyl Lrojeajdssy
‘rever qfFmyoas pue *geqg ‘iszspea] ¢ L°Y ‘TASTueidez ¢ W “}OTmIaq

182

(D)

an

(o1)

(6)

(8)

)

)

<)

()

(£)

*(T86T “j10X mayN ‘sasaurdujy

Sujuoratpuo) 11y pue Suyieaadyiyay ‘Buyiesy jo L3008 ugd1I2Wy)

£37TENY 1TV 200puUI 27qe3daddy I0F UOTIBTLIUS) *1861-C9 pPiepuelg

AVIHSY/NSNY ‘sasaufluy Suruoriypuo)d-ary pue Suriersfiizay ‘SJuriesy
Jo £312700g uEBDTIaWy PUB 2INITISU] SPIBPURIS TEBUOTIEBN UBDTILWY (2)

‘0TLY6
BIUIOJTTE) ‘Ad[a)I12g 1821315 uosdeiy TQg 'OU] Ydieasay L3rTen) 11V (1)

ECRIVERERE ) |

‘UOTSsTWwWo) £3393JES 3IONPOIJ IBWNSUO) °§°Q) Y] WOIJ 9§TT-€8-d-ISdD
"ON 30eijuo) £q puE S30ULFDS YI[ESH [PIUSWUOITAUF FJO 23INITISUI TRUOTIEBN
“S°N @Yl woi3y $GgQp-Sd °*ON Juery £q pailioddns. sem yiom STYJ

sjuswadpamourdy

‘UOTIBZTAD]OBIBYD
12339q p9a2u puB SUOFIBAJUIDUOD I0OpPUf SUFTTOIIUGD
qp P w P TIT

ut juejaoduy aie saduapisaa ur “pg pue Noz 103 su1a} juls e

‘gsainsodxa ead ajemIIsLLIapUN ING SBIUSPESII UF Isn a93eay

Bupanp sainsodxs a8eisae jussaidai ued ‘asn Iazesy susso1ay

JO 8InOoYy pue STaAST uoowwso 103 wmuuonuou udymM ‘siojjuou
aayssed yifma papioosa “gg pue. “gN Fo syaasT po3iexdajur q

‘spiepuels yj[esy juafque
up pat3fFoeds SUOTIBIJUSOUOD pIeIXd UEBD si123eoy aoeds auasoaay
3ursn saduapysaa ug Nou PUB 0) ““0S ‘"ON 3o sT2aaT jead (e

13ey)
pe3edTput Apn3s pIaTy sFY3 jo uorizod Jufioljuow SNORUTIUOD ayf

SUOTSNToU0)

‘UOFIBZTID30RIBYD I9333q poasu NOm pue Noz 103
swial jufs ayg .Noz 103 punoj ses 23el Aed3p PuB UOTILAIUSOUOD TEREITUT
usSaMlaq UOTIBT21I00 Bam Y “JUaPIAd ST SIDUSPESsl U2aMIDQ 10 UTYITM
1ay3fe sased aajioeaa oyl 103 :uuuwmm JU33lsTSuod ou “sased aarjoesi-uou
au3 ueyl 1ajeaixd sdemye st “ps pue Noz 3o Aedsp ayl ‘sTIyM .mom
pue Noz 103 wWI1aj x:mm 243 JO UOTIBDTPUF UB ST a3el Kedap aATIdEaI-uOU
ay3 pue ajex Aedap “pg pue mow 23l u22M33q PDUAIBJITP Y] °paliojlTuom
A1snonutjuod sawoy ay3i ui “pg pue Noz pue sed aayjoesi-uou jo (yoe

uy) s&edap ay3l ussmiaq dFYSUOFIBT31 PaAIasqo 3yj smoys ¢ 2InSLg

. ‘Yoe ¢°Q 3o
UOFIBFA3P PIBPUB]S B U3ITA YOB G°( JO @jel 23ueydoxe 1Te uefpaum e paonpoid
(0T = u) sjuswaInsesw sa3BI UOFIBAITTIUT poajeifajul oyl “SjUsWSINSESW
OM3 9Yyj uoaM33q UOTIBT31I0D 133138q B Judaaid 03 panlias aTeds

Teiodwsl e uo sa3ea UOTIRIITIF Ul suofjeriea a8ieT sy3 pue (padderiaso
§1n0oy a3yl 3o yy L[uo 2sed auo uf) usyej sem aydues paieadajug ay3

Sinoy 3o Iaqunu 3y3 03 paiedwod usyM IIUIPTSaL Yoea 103 sAevap a1qeTIEAR
Jo sinoy may AT2ATIBTS1 Y]l * (3JUSPFSa1 IST[INC BUO 8upnyoury)

08t



283

\ worca=3
. N 3333333 |,
8 \ epqedes |-
3 - N s
° N
L]

o A H
< o oo « N\
5 . “ N 3
> e, oo, AN -
e b4 o °a AN aﬁ
H N AN L -
I R R
o N o 3 S 2 ek ow = 3 o 3 8 g =
QN (yav) 4Apaeq 20S - 2
8 \ wera=2% |- .é 5
T N 3333333 |, =

: \ sodcexne |- &
g ° b
- * bl S e N\ 8

5 % ® [} < \N 3

g . BN
2 L]

2 o ° ".0 O‘.t ‘\\ g
§ - < N =

I R N I I O R

(ys0) 4pdeg@ ZON

“€6°0 30
JUBTDTJIIS00 UOTIETBI100 pue _m/3d 6['09 go
3dedaa3ut ue yaIm g6-Q ST adgts pa:etna}ea

0Ss

YL -esn 1a3esy Suranp eaep SuriolTuow
SNONUTJUOD PUB ISN JO SINOY 10§ pa3dalico elep
8urio3tuow pajea8ajuy ua2aMm3Iaq sasnoy RH uy
UOFIBIIUSOUOD “0g BFeIaA® jo uostaedmon

. *7 anS1g
JoJjuow PpejoiBejul wody

(¢w/B7) uojyosjueduoy 2pg ebDJaAy
OOGOOLOOSOOGOObOOEOOZOOIO
T . v T T T

(o]
801_E:
as A4 50
Hzy 00I
HE $
¢ 88 ooz
7 He
4 oo0¢
iz
Hoov

HE

<009
HZ
//-// Ml T i
wooipeg =g -OOB
Wooy 19400 =
an o 19400 = M Jdoos
- 000!

40JjuoW sNONUKUOD WLy (cw/BY) uolsDIyuaIUL) %20S ebBpiany

and reference decay rates

- d
(=
mw e
©
- @
o0
(=]
z e
“S
::u
& He
o9
w N B
[ -1
o
[ =3~}
© @0
@ & o
o @ M
M= O o
s JLC
(- S
8- g
OOSH
Qo (-]

measured in the continuously

The reference decay rate was either NO

and chosen on the basis of which one had the

smallést confidence intervals associated with the

‘The 1 to 1 slope which would
g OF 502 sink terms is

Each point represents a single decay

be expected 1f there were no NO

event for the residences.
also shown.

calculated slope.
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