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Introduction
➢ Formaldehyde (HCHO), SO2, H2S, VOCs, ……  

➢ Adverse health effects 

➢ Important role in atmospheric chemistry  

➢ Measurements and PMF modeling

➢ Important questions

➢ Brief Review



Brief Review
➢ HCHO: One of the key pollutants responsible for 

overall cancer risk nationwide 

Concern: A previous study discovered elevated 

HCHO levels in the LC Valley
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LOCATIONS OF PREVIOUS MONITORING SITES (2006-2007)
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24-HR HCHO CONCENTRATIONS (2006-2007)

➢ Elevated HCHO levels in 

July warrant further 

investigation into the 

current levels and sources 

of HCHO in the LC Valley



RECENT MEASUREMENTS (4 WEEKS EACH SUMMER 2016-2017)

12-hr sampling: 7 AM to 7 PM & 7 PM to 7 AM



MACL AT SUNSET SITE (2016-2017)

1-min measurements in addition to 12-hr sampling



POSITIVE MATRIX FACTORIZATION (PMF) MODELING 

RESULTS

➢Four major sources:
❖Emissions from a local paper mill
❖Biogenic sources
❖Secondary formation & background
❖Traffic sources



Which source is causing the early morning spikes?

 How is it causing the early morning spikes?

Important Questions



2016

Species Site
Average 

(ppbv)

Standard 

Deviation
Samples

HCHO

Sunset 2.02 0.93 86

Hatwai 2.35 0.75 53

Asotin 2.97 1 50

CH3CHO

Sunset 1 0.64 86

Hatwai 0.99 0.5 53

Asotin 1.2 0.77 50

2017

Species Site
Average 

(ppbv)

Standard 

Deviation
Samples

HCHO

Sunset 4.81 0.85 56

Hatwai 3.19 0.92 56

Asotin 4.63 1.12 56

CH3CHO

Sunset 1.98 0.76 56

Hatwai 1.79 0.52 56

Asotin 2.02 0.70 56

AVERAGE CONCENTRATIONS

< HCHO in July 2006:10-20 ppb; What caused the decrease?  



Concentration diurnal pattern is opposite to that of its 

emissions which are tied to photosynthesis

➢ median concentrations of isoprene (ppb)

➢ shading representing the 75th to 25th 

percentile range



Summary of Important Questions
➢ Which source is causing the high early morning 

HCHO spikes?

➢  How is the source causing the early morning HCHO 

spikes?

➢ What caused significant decadal (2006–2017) 

decrease in HCHO concentrations?  

➢ Biogenic VOCs (e.g., isoprene, methanol, 

monoterpenes, and acetaldehyde) are higher during 

nighttime than daytime

➢ How come the diurnal pattern of isoprene 

concentrations is opposite to that of its emissions 

that peak in the middle of the day and falling to zero 

at night because isoprene emission is tied to 

photosynthesis and is dependent on light and 

temperature?



Which source is causing the high early 

morning HCHO spikes?

The early morning peaks in the observed HCHO concentrations 

are caused by the emissions of the paper mill



How HCHO spikes?
Average wind

sunrise sunset



What caused significant decadal (2006–2017) decrease in HCHO 

concentrations?

➢ HCHO emissions from the EPA’s Toxics Release Inventory 

(TRI) 

➢ The TRI tracks the management of certain toxic chemicals that 

may pose a threat to human health and the environment, and 

U.S. facilities must report to the EPA’s TRI annually the 

significant amount of each chemical that is released to the 

environment and/or managed through recycling, energy 

recovery and treatment

➢ The paper mill of Clearwater Paper Corporation is the only 

facility in the LC valley that reports HCHO emissions to the TRI

➢ A part of the Clearwater Paper Corporation became a separate 

entity in 2012, which was named Idaho Forest Group in 

Lewiston (IFG – Lewiston). The emissions of IFG – Lewiston 

were neither reported to the TRI nor included in the emissions 

from the Clearwater Paper Corporation after the 2012 

separation



Clearwater Paper TRI Emissions (Pounds/Year) Over Time (Brown, 2022)

➢ Significant decrease in emissions from 2007 to 2009, which was 

before the separation in 2012

➢ The decrease in TRI emissions after 2017 could be attributed to 

the use of updated emission factors as well as a small process 

change from a batch digester to a continuous digester



What caused significant decadal (2006–2017) 

decrease in HCHO concentrations?

➢The paper mill may have contributed to the HCHO 

decline by reducing emissions

➢VOC emissions from mobile sources have 

significantly decreased due to increasingly stricter 

regulations and  more effective technologies

➢This may have led to a decrease in direct HCHO 

emissions from traffic sources as well as a 

reduction in photochemical production of HCHO by 

chemical reactions of VOCs emitted from mobile 

sources



The diurnal pattern of isoprene



Substantial amounts of isoprene were observed after dark



Isoprene peaked at night in places downwind of forests; the high 

nighttime isoprene concentrations are caused by emissions of isoprene 

in forest during daytime (late afternoon/early evening), followed by 

advective transport to the sites



The St. Louis site lies near (∼35 km) the oak forests of the Ozark 

Plateau



proton-transfer-

reaction mass 

spectrometer (PTR-

MS)

“We do not expect any 

measurement 

interferences for 

isoprene or MVK + 

MACR to

impact the analyses” 



➢10-20 mi

➢~0-265 

➢NbE-WbS



20172016

Day

Night

➢ 10-20 mi

➢ ~0-265 

➢ NbE-WbS

At night, the valley is located downwind of 

the national forests, and the easterly and 

southeasterly winds can transport isoprene 

emitted close to dust (with dropped OH 

levels) from the national forests to the site, 

leading to higher concentrations



At night, the easterly and southeasterly winds can 

transport other biogenic VOCs from the national forests 

to the site, leading to higher concentrations



THE BIOGENIC FACTOR OF PMF MODELING RESULTS

➢Isoprene, MVK, MEK, monoterpenes 

➢Methanol, acetone, acetaldehyde 

➢Benzenoids (e.g., benzene, xylene) 

➢Alkanes

➢Question: Benzenoids are from fossil fuels or 

biogenic sources











➢ Dynamic branch enclosure measurements of loblolly pine trees: vegetative 

emissions of 12 pptv d−1

➢ Static chamber measurements: alfalfa (5 pptv d−1)

➢ Measured biogenic fluxes were on the same order of magnitude as the 

influence from gasoline evaporation and industrial sources (regional 

industrial emissions estimated at 7 pptv d−1 ) and indicated that local 

vegetative emissions make a significant contribution to summertime 

toluene enhancements.







➢ Biogenic emissions models (e.g., MEGAN v2.1) do not simulate 

some VOCs (e.g., benzene, xylene)

➢ VOCs can affect ozone and secondary organic aerosols

➢ AIRPACT-5 significantly underestimates the peaks of ozone 

concentrations at the Sunset site (up to 30-40 ppb) 

➢ This region: small towns; not many vehicles; huge national forests 

➢ Possible factor? Missing emissions of VOCs from national forests 

and local trees? 

Implications for future studies on ozone and PM2.5 

in the region



➢Performed data analyses and literature review to 
understand how the sources and wind circulations affect 
the observed behaviors of many compounds such as 
isoprene, formaldehyde, SO2, H2S, acetaldehyde

➢VOCs in the area are influenced by national forests and 
wind circulations 

➢The paper mill may have contributed to the decadal 
HCHO decline

➢The emissions from the paper mill cause high 
formaldehyde spikes in the early morning

➢ Implications for future studies on ozone and PM2.5

(secondary organic aerosols) 

Summary and Conclusion
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