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Methods: Fog Water Collection 

The ss-CASCC was mounted approximately 1 m from the ground. Its flow rate was calculated using the measured 

average air velocities from a previous study (Chang, 2004): battery power varied during sampling periods, with an 

approximate average voltage of 11.5 V, giving a flow rate of 25.7 m3 min-1. Pre-baked amber glass bottles (40-500 

mL) were used for ss-CASCC sample collection and storage. The CASCC2 was mounted on a stand approximately 

2.5 m from the ground and was powered by a 120 VAC supply from the gasoline-powered campaign vehicle motor. 

The flow rate measured by Chang (2004) was 8.2 m3 min-1 (the vehicle motor was allowed to run during sampling, 

but care was taken to place the tailpipe away and downwind of the collectors). Polypropylene bottles (70-500 mL) 

were used for collection and storage of CASCC2 samples. The CASCCs were cleaned prior to each fog event with 

deionized water. Fog water collection method blanks were collected after every cleaning. Limits of detection (LODs) 

were calculated using these blanks and are tabulated in Table 1. Collected fog water was kept in a cooler on ice for a 

short period of time (less than eight hours) prior to separation into aliquots for specific chemical analyses. The fog 

water was divided into aliquots for analyses, and remaining fog water was refrigerated before transport on ice to the 

laboratory, and finally stored frozen prior to further analyses. 

Methods: Chemical Analyses of Fog Water Constituents 

Formaldehyde was measured following a procedure published by Dong and Dasgupta (1987) by reaction with 2,4-

pentanedione and ammonia to form diacetyldihydrolutidine (DDL), which was quantified via fluorescence 

spectrometry. Three aqueous solutions were prepared: (1) a reaction reagent containing 2 M NH4C2H3O, 0.05 M 

C2H4O2, and 0.02 M 2,4-pentanedione; (2) a buffer/metal chelating solution containing 0.05 M sodium 

ethylenediaminetetraacetic acid (Na4EDTA4H2O) and 0.1 M NaOH; and (3) 5 mM H2O2 to oxidize excess S(IV) 

generated after reforming formaldehyde from its preserved derivative, HMSA. Standards for calibration were 

prepared from formaldehyde-sodium bisulfite adduct (NaHMS) and 20 mM NaOH/10 mM [1,2-

cyclohexanediyldinitrilo]tetraacetic acid(CDTA)/3 mM NaHSO3}. Samples and standards were pipetted (70 μL) 

into an Ultra-Fast skirted 96-well polypropylene polymerase chain reaction plate (Life Science Products, Inc., LS-

9855-25 Black) along with reaction reagent, H2O2 solution, and EDTA buffer solution. The plate containing 

reagents and samples/standards were heated (Peqlab PeqStar 96 Universal Gradient Heating Unit) to 80°C for 2 min, 

and solutions were allowed to react inside the heating unit at 23°C for 30 min (the lid temperature was set to 110°C). 



The product, DDL, was quantified using a BioTek Synergy H1 fluorescence plate reader at an excitation wavelength 

of 412 nm and an emission wavelength of 510 nm. Complexed formaldehyde in the form of 

hydroxymethanesulfonate is included in the quantified formaldehyde using this method. The mean of three replicate 

formaldehyde measurements was used for each sample. 

Total organic carbon (TOC) concentration was measured using a Sievers Model 800 Turbo TOC Analyzer in Turbo 

mode (UV/H3PO4/(NH4)2S2O8 digestion of carbonaceous material to CO2 followed by conductivity detection). The 

mean of 3-5 mins TOC measurements at 10 sec sampling frequency was used. A custom LabView program was 

used for TOC data collection. 

Major inorganic ions were quantified using a Dionex DX-500 ion chromatography (IC) system with conductivity 

detection; cations were separated along a Dionex CS12A analytical column, CG12 guard column, and CSRS 

ULTRA II suppressor using methanesulfonic acid (MSA) as eluent; anions were separated along a Dionex AS14A 

analytical column, AG14A guard column, and ASRS ULTRA II suppressor using carbonate/bicarbonate eluent. All 

inorganic ion external calibrations were linear (r2>0.9) with the exception of that for NH4
+, which typically exhibits 

a non-linear (third order polynomial) response using this system. An Igor program was used to solve for [NH4
+]aq 

Organic acids were measured using a gradient Dionex IC system with a Dionex AS11-HC analytical column, AG11 

guard column, and ASRS ULTRA II suppressor using sodium hydroxide eluent and a conductivity detector. A 100 

μL injection of each sample/standard was made using a Dionex AS50 autosampler and the eluent gradient was as 

follows: 1 mM NaOH for 6.5 min, NaOH concentration was increased for 18.5 min to 18 mM NaOH and held for 5 

min, NaOH concentration was increased for another 20 min to 30 mM NaOH and held for 5 min, NaOH 

concentration was decreased to the initial 1 mM concentration over 1 min and held for 4 min. Data analyses were 

performed using Dionex PeakNet and Chromeleon software. A small number of samples were also analyzed after 

separation using ESI-(-)-HR-ToF-MS to confirm the identifications of eluted organic acids. All organic acid external 

calibrations were linear (r2>0.9). 

Additional organic molecules were identified and/or quantified via high performance liquid chromatography 

followed by negative electrospray ionization high-resolution time-of-flight mass spectrometry (HPLC-ESI-(-)-HR-

ToF-MS) from each chloroform-preserved aliquot (no substantial differences were observed in organic composition 

between chloroform-preserved and un-preserved samples). This method was previously used to identify fog water 



constituents (Boris et al., 2016).A Kinetex 2.6 μm particle size XB-C18 column designed for polar organic species 

separation with 100 Å pore size and 3.00 mm internal diameter was used to separate organic species 

($\geq$\ce{C4}organic acids, phenols and organosulfates) via a 0.1\% aqueous formic acid/methanol gradient 

elution. The HPLC-ESI-(-)-HR-ToF-MS system consisted of an Agilent 1100 Series LC with Agilent MSD/ToF 

detector. Agilent EI-TOF tuning mix was used to perform external mass calibration prior to analyses. Mass 

accuracies during analysis are tabulated in Table 2, and are typically <15 ppm. External calibrations performed on 

the HPLC-HR-ToF-MS were linear (r2>0.90). Agilent MassHunter Qualitative Analysis software was used for data 

analyses. 

Methods: Chemicals 

Stock standards of organic acids (100 mM) were prepared in water, with the exception of valerate and succinate, 

which were prepared using ~2% methanol in water. Stock standards of nitrophenols (4 and 10 mM) were prepared 

using up to 20% acetonitrile in water. Chemical standards and solvents were purchased as follows: malonic acid 

(99%, 4-nitrophenol (98%), and 2,4-dinitrophenol (98%) were purchased from Acros organics. Glutaric acid (99%), 

oxalic acid (99.999%), succinic acid (99+%), pyruvic acid (98%), propionic acid (99+%), 4-nitro-catechol (97%), 2-

methyl-4-nitrophenol (97%), maleic acid (99%), cis-pinonic acid (98%), and 2,4-pentanedione (99+%) were 

purchased from Aldrich. Inorganic salt standards (Six Cation-II and Seven Anion Standards) were purchased from 

Dionex and diluted. Formaldehyde (37%aqueous/methanol), sodium hydroxide pellets, sodium carbonate (HPLC 

grade), and sodium bicarbonate (certified ACS) were purchased from Fischer. Ammonium acetate (≥99.0%), 

Na4EDTA4H2O (99%), methanesulfonic acid (MSA; ≥99.0%), acetic acid (99%), formic acid (~98%), adipic acid 

(≥99%), n-valeric acid (≥99%), azelaic acid (98%), and 4,6-dinitro-o-cresol (2-methyl-4,6-dinitrophenol; ≥98%) 

were purchased from Fluka. Monobasic potassium phosphate (99.99%) was purchased from Sigma. 4-methyl-5-

nitrocatechol (98%) was additionally purchased from Santa Cruz Biotechnology. Buffers for pH measurement (pH 4, 

7), hydrogen peroxide (30% w/w aqueous solution), and Triton X-100 non-ionic detergent were obtained from 

Sigma-Aldrich. Pinic acid was obtained from the Sigma-Aldrich Library of Rare Chemicals (no purity 

characterization was carried out). Methanol and acetonitrile (LCMS grade) were purchased from Honeywell. 

Methods: Volatile Organic Compounds in Grab Samples 

A total of 48 individual VOCs were quantified from the canister samples using a five detection channel, three GC 

analytical system which employed three flame ionization detectors (FIDs), one electron capture detector (ECD) and 



one mass spectrometer (MS). For each sample, trace VOCs within a 1363 cm3 (STP) aliquot of air were trapped on a 

glass bead filled loop immersed in liquid nitrogen. After the sample was trapped, the loop was isolated, warmed to 

80°C, and the VOCs were injected to the GC inlet. The carrier gas (ultra-high purity He) flushed the contents of the 

loop and the stream was split into five parts, with each sub-stream feeding a separate GC column/detector pair as 

follows: (1) a CP-Al2O3/Na2SO4 PLOT column (Varian-Chrompack; 50 m×0.53 mm i.d., 10 μm film thickness) 

connected to an FID was used to measure C2-C7 NMHCs; (2) a VF-1ms column (Varian-Chrompack; 60 m×0.32 

mm i.d., 1 μm film thickness) connected to an FID measuring C4-C10 NMHCs; (3) A Restek XTI-5 column (Restek; 

30 m×0.25 mm i.d., 0.25 μm film thickness) coupled to an FID was used to measure selected OVOCs (not 

quantified in this study); (4) an OV-1701 column (Ohio Valley Specialty Chemical; 60 m×0.25 mm i.d. 1 μm 

thickness) connected to an ECD was used to measure C1-C5 alkyl nitrates; (5) an OV-624 column (Ohio Valley 

Specialty Chemical; 60 m×0.25 mm i.d., 1.4 μm thickness) connected to an MS measured C6-C10 NMHCs.  Multiple 

standard concentrations were used during sample analysis (analyzed every 10 samples). Data from GC/ECD and 

GC/FID analyses were analyzed using Shimadzu Class-VP software, and data from GC/MS analyses of VOCs were 

analyzed using Shimadzu LabSolutions software. The gases analyzed included C2-C10 hydrocarbons and C1-C5 alkyl 

nitrates. The relative standard deviation (RSD) of the peak areas for each compound in the standards, was 1-30\% 

for the aliphatic and alicyclic hydrocarbons, 8-25% for the alkyl nitrates, and 2-21% for aromatic hydrocarbons. 

Methods: Fog Water Composites 

Fog water was composited into larger volume samples for GC/MS analysis. The objective of the analysis was to 

determine the non- or slightly polar VOCs and semi-VOCs within the fog water; thus, it was sufficient to determine 

the concentrations observed within each event, rather than within the time-resolved samples of each event. This 

allowed sufficient liquid fog water volume for analysis of each event composite, as well as the analysis of a fog 

collection method blank composite. The composites were made as described in Table S1. 

Volumes of fog water samples used in composites for GC/MS analysis. The aliquots used in each composite were 

determined based on the total volume collected in each sample (more sample was used in a composite for samples 

with large volumes) 

 

 



 

Table S1. Masses aliquotted to composites of fog water samples for GC/MS analysis. 

Mass of Sample Aliquotted to Composite (g) Total Composite  
Mass (g) 

Event 1 10th 22:05 11th 00:05 11th 02:05 11th 04:05 11th 06:05 
  40.04 30.12 45.13 49.92 29.93 195.14 

Event 2 11th 21:55 12th 02:00 12th 03:00 12th 04:00 12th 06:00 
  12.78 45.08 37.84 55.12 40.05 190.87 

Event 3 12th 21:30 12th 23:30 13th 01:30 13th 03:30 13th 05:30 
  14.93 34.91 55.31 7.57 15.17 127.89 

Event 4 14th 00:50 14th 01:50 14th 02:50 14th 03:50 14th 04:50 
  34.99 49.98 50.01 34.97 34.94 204.89 

Blank 10th 21:45 11th 21:40 12th 21:00 13th 22:30 
    38.32 38.56 76.55 38.6   192.03 

 

Methods: Trace VOCs in Fog Water 

Fog samples remaining after the analyses discussed in the previous paragraph were aliquotted for analysis of volatile 

trace organic compounds via gas chromatography/mass spectrometry (GC/MS; HP Model 6890 with 5973 mass 

selective detector housed at Arizona State University). An HP-5 capillary column (95% dimethylpolysiloxane/5% 

phenyl-methylpolysiloxane; 30 m×250 μm×0.25 μm i.d.) was used in splitless injection mode (temperature profile: 

initial hold time at 65°C of 10 min, gradient at 10°C min-1 to 300°C, and isothermal hold for 20 min). Composites of 

each fog event were made in order to provide sufficient liquid water for detection via GC/MS (~200 mL); the 

specific quantities used in the composites are listed in Table S1. Composites were vacuum filtered through pre-

baked 47 mm quartz fiber filters; the resulting filtrate and filter-adhering materials were extracted and analyzed 

separately as the "dissolved" and "insoluble" fractions of the fog water, respectively. The insoluble fraction was 

extracted from the filters using the following procedure: filters were sonicated in 10 mL dichloromethane (DCM; 

Fisher, Optima Grade) for 20 min, three times, and the DCM was allowed to evaporate in a chemical hood to a total 

volume of 10-15 mL under nitrogen at ~10 psi. The dissolved fraction was extracted into DCM solvent as follows: 

to each composited filtrate was added ~10 g NaCl (Fluka, ≥99.5%) and 0.5 M HCl (EMD Chemicals, 36.5-38.0%) 

to pH 2-3 (~7-15 drops; pH was measured using MicropHast 0-14 pH strips); the resulting solution was liquid/liquid 

extracted into three 25 mL aliquots of DCM in a 1000 mL separatory funnel, and blown down to 10-15 mL under 

nitrogen. Remaining NaCl was removed by filtering each extract through a 10 mL Millipor Multifit glass syringe 

with a luer-lock metal filter holder containing pre-baked quartz fiber filter material, a metal frit and o-rings. Sample 

was lost from events 2 and 3 composites during the liquid/liquid extraction: ~119 mL and ~5 mL were saved, 



respectively. Internal standard responses were used to determine the concentrations in all samples despite these 

losses, resulting in an order of magnitude lower peak area of decanoic-d19 acid in composite 3, but no substantial 

difference in the peak area in composite 2 versus the two other composites. Methyl esters of organic acids were 

produced by derivatization with lab-generated diazomethane (50 μL reagent to 50 μL extract). Trimethylsilyl esters 

and ethers of organic acids and alcohols, respectively, were produced via derivatization with N,O-bis(trimethylsilyl) 

trifluoroacetamide/1% trimethylchlorosilane (Sigma Aldrich; 50 μL reagent to 50 μL extract, followed by heating at 

65°C for 3 hrs). Extracts of dissolved and insoluble fractions in DCM were each blown down under nitrogen to a 

final volume of 50 μL, measured using a glass syringe, and injected (1 μL) as methyl esters, trimethylsilyl esters, 

and directly without derivatization into the GC/MS. All glassware, syringes, and metal tools used in analysis were 

washed with 18.0 MΩ water and isopropanol (Fisher, Optima Grade), then baked overnight at 110-120°C. 

Internal standards used in GC/MS analyses of fog water included (Cambridge Isotope): n-tetracosane-d50, n-

triacontane-d62, n-hexatriacontane-d74, n-eicosane-d42, n-hexadecane-d34, naphthalene-d8, benzophenone-d5, 

coronene-d12, chrysene-d12, toluene-d8, benzo[e]pyrene-d12, vanillin-13C6, benzaldehyde-2,3,4,5,6-d5, 1,6-anyhydro-

beta-D-gluose-13C6 (isotopically labeled levoglucosan), D-glucose-d7, palmitic acid-d31, staeric acid-d35, decanoic 

acid-d19, and cholesterol-2,2-3,4,4,6-d6 (CDN Isotopes). Calibrations used for analyses were linear (r2>0.9; force 

through zero); N,N-diethyltoluamide (Sigma Aldrich) and C10-C20 n-alkanoic acids were calibrated. Azelaic and 

adipic acids were quantified using the response factor of the C20 n-alkanoic acid as a surrogate standard. 

Calibration curves were constructed using the summed areas of three characteristic ions for each compound, 

normalized to the response (three summed characteristic ions) of decanoic-d19 acid. The internal standard was 

chosen to be decanoic-d19 acid because of its molecular mass similarity to the quantified compounds. A fog 

collection method blank (water sprayed into the collector for cleaning prior to sample collection during the 

campaign, composited from four separate fog collection method blanks) as well as an extraction method blank 

(water from Arizona State University water purification system) were treated as samples and filtered, extracted, and 

analyzed in the same manner. However, no blank values were subtracted from measured sample concentrations. 

Data analysis was performed using MSD ChemStation Enhanced Data Analysis Software. 

Concentrations measured within event composites were extrapolated to values estimated to be within each fog 

sample added to the composites. This was done by multiplying the concentration of an analyte measured in a 



composite by the fraction of the total composite mass that was contributed by a given sample. The resulting 

estimated concentrations of adipate in fog samples were lower than concentrations measured using LC-(-)-ESI-HR-

ToF-MS (slope = 0.3, r2 = 0.5); tabulated total n-alkanoic acid concentrations should therefore be seen only as 

estimates. 

It is possible that some vaporization of volatile species from fog water accounts for the lack of volatile organic 

components detected in fog water: glass bottles containing fog samples were refrigerated rather than frozen during 

storage to avoid losing sample from broken glass bottles. 

Methods: Air Equivalent Concentrations Calculation 

Fog water air equivalent concentrations were calculated for species to demonstrate their atmospheric quantities, 

normalized to the LWC of the fog during a particular fog event. Each value was additionally adjusted for collection 

efficiency by dividing by a factor of 0.85 as demonstrated by Demoz et al., 1996. The result of this calculation is 

sometimes also called cloud water loading, and has been used in other studies of fog and cloud water composition 

(Deguillaume et al., 2014; Elbert et al., 2000; Herckes et al., 2013). The calculation is shown in Eqn. S-1. 

𝑛𝑛𝑛𝑛 𝑖
𝑛3 𝑎𝑎𝑎 = 𝜇𝑛𝑛𝑛 𝑖

𝐿 𝑠𝑠𝑛𝑠𝑛𝑠
× 𝐿

1000 𝑛𝐿
× 𝑛𝐿

1.00 𝑔
× ℎ𝑟

𝑛3 𝑠𝑖𝑟
× 𝑔 𝑠𝑠𝑛𝑠𝑛𝑠𝑠

ℎ𝑟 𝑠𝑠𝑛𝑠𝑛𝑖𝑛𝑔 𝑡𝑖𝑛𝑠
× 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒 × 1000 𝑛𝑛𝑛𝑛 𝑖

𝜇𝑛𝑛𝑛 𝑖
 Equation S-1 

Methods: Meteorology, Back Trajectories and Satellite Data 

Back trajectories (12 hrs) were generated using the NOAA HySPLIT model (online version; Draxler and Rolph) and 

used to determine the upwind histories of air masses sampled during fog events. The model was initiated using the 

coordinates of the CP summit site, and a height of 1150 m, beginning at each two-hour period between 6 pm and 6 

am on evenings when fog was collected. Model vertical velocity was used to track vertical motion, and NARR (32 

km) archived meteorological data were used to capture the greatest spatial resolution possible. 

Infrared satellite images of the Southern California coastal area were retrieved from GOES 15 archives and 

processed using a product to highlight night-time low clouds and fogs (in shades of blue, based on certainty of 

presence; Fig. S11). Specifically, the product displays the difference between 10.7 window IR and 3.9 shortwave IR 

(Ellrod and Gultepe, 2007). Time resolution of retrievals was between 15 min and 1 hr. 



Archived observations from atmospheric soundings were downloaded from the University of Wyoming Upper Air 

Soundings site (http://weather.uwyo.edu/upperair/sounding.html), initialized from the Oakland International Airport 

(station ID 72493/OAK) at 00:00 and 12:00 GMT between 10 and 14 June. 

Archived Model Output Statistics (MOS) results were downloaded from the Iowa Environmental Mesonet (IEM) 

National Weather Service MOS Download Interface (http://mesonet.agron.iastate.edu/mos/fe.phtml) with Eta/NAM 

input. Data from the most recent model output were used for each time point (three-hourly) between 3 and 15 June, 

initialized from the Oxnard Airport weather station (KOXR). 

1.1. Volatile Organic Compounds Empirical Orthogonal Function Analysis 

Patterns within concentrations of volatile organic compounds (VOCs) quantified within grab samples collected 

during fog events and at VOC source sites were identified using empirical orthogonal function (EOF) analysis 

(Fig. S7, and Fig. S8). This technique uses mathematical transformations of data organized into a matrix (typically 

with dimensions of the sample measurements such as chemical concentrations $\times$ sampling time) to find 

relationships between the sample measurements that mathematically describe the data. For example, EOF analysis 

has been used to describe the sources of organic acids in cloud water (Hegg et al., 2002). There was some 

uncertainty in the EOF analysis in the present study because of the possible dependence between [VOC]s and small 

sample size (n=30); histograms were, however, Gaussian according to the chi-square test for goodness of fit at α=0.1. 

EOF1, explaining 45% of variance in [VOC]s, was characterized by elevated concentrations of ethane, propane, and 

most aromatic species (Fig. S8), and was associated with the sample collected at the oil spill site along the freeway. 

EOF1 was therefore likely to be indicative of O&NG extraction emissions, but no samples collected during fog 

events were correlated with this EOF. High concentrations of acetylene, benzene, and toluene were characteristic of 

EOF2, explaining 12% of variance in [VOC]s. The emissions source described by EOF2 most influenced the 

composition of samples collected along the freeway, at the O&NG processing site, and at Serra Cross Park platform, 

suggesting that EOF2 represented motor vehicle traffic. The contribution of EOF2 to the fog sample collected at 

7:25 am on 13 June (during event three) was also observed, likely due to morning traffic along the road at the 

collection site. In addition, EOF3 apparently described an aged VOC factor, characterized by high concentrations of 

alkyl nitrates, and EOF4 described a biogenic VOC factor characterized by high concentrations of the pinenes. 

EOF3 and EOF4 had limited apparent impact on fog sampling periods (9 and 6% of variation, respectively). Impact 

on fog samples by these EOFs is described by the individual PC values for the fog samples; no apparent similarities 



between fog sampling periods were demonstrated, and most influences as demonstrated by EOFs were minimal in 

magnitude. This was surprising particularly for EOF4 with biogenic influence. 

 

Alkyl Nitrates Analysis 

The age of the air masses during fog events were estimated using the ratios of alkyl nitrate to parent alkane 

concentrations. These ratios can be used to determine the age of air masses by assuming that alkyl nitrates: (a) are 

formed entirely as secondary products of nitration reactions (reaction with NO) in the atmosphere; (b) that the 

branching ratio for alkyl nitrate formation versus reduction of the alkyl peroxy radical is constant despite changes in 

the atmospheric temperature, pressure, and [NOx] between collected air samples; and (c) that the degradation of 

alkyl nitrates is accounted for by reaction with OH at mean diurnal [OH] and photolysis (Bertman et al., 1995). 

Based on proximity to a major city and the substantial concentrations of NO3
-} measured within the fog water, it can 

be assumed that the alkyl nitrate formation process was not limited at CP due to [NOx] and that variation in [alkyl 

nitrates] measured can be attributed to secondary formation reactions. Since the observed alkyl nitrate to alkane 

ratios should, under these assumptions, be dependent only on the reaction rate constants, branching ratios for 

formation and degradation of alkyl nitrates, and time such that previously modeled and observed relationships 

between the age of air masses and concentration ratios (Bertman et al., 1995). The resulting ratios of alkyl nitrates to 

parent alkanes are summarized in Fig. S9. The greatest values of the ratios were observed during late evening 

samples, at the beginning of the fog events. It is unlikely that subsequent decreases in the observed ratios are a result 

of degradation of the alkyl nitrates because the major known loss mechanisms for alkyl nitrates are reaction with 

OH and photolysis, which should not occur at night. It is therefore more likely that the ratios changed due to the 

influx of in air masses overnight or the lowering of the nocturnal mixing layer and resultant increase in alkane 

concentrations. However, there was no apparent dependence of either alkane concentrations or alkyl nitrate/parent 

alkane ratios on wind direction, parent alkane concentrations, time of day, or summed organic acids concentrations. 

Ratios measured were lowest at potential VOC source sites including the Refugio State Beach oil spill cleanup site 

and the oil spill site along Interstate 5; the greatest ratios were observed within the air sampled at the upwind site at 

Gaviota State Beach. This is in agreement with the suggestion that the advection of air masses through the fog 

sampling site were most likely the dominant factor in the variation of these ratios; higher values were associated 

with more background, remote air, while lower values were associated with air impacted by regional VOC 



emissions. Based on the discrepancy between previously reported modeled/estimated and measured alkyl 

nitrate/alkane ratios (Bertman et al., 1995), it is not useful to extrapolate the ages estimated from ratios measured in 

previous studies to the ratios measured at CP in 2015. 

Fog Water Contains N,N-diethyl-meta-toluamide  

The only reported applications of DEET in Santa Barbara and Ventura Counties between 2009 and 2013 (the most 

recent data available at the time of query) according to the California Department of Pesticide Regulation Pesticide 

Information Portal (http://calpip.cdpr.ca.gov/) are small applications (<20 lbs. chemical applied to under 20 acres 

each) for landscaping, outdoor cut flowers or greens, or greenhouse-contained plants. It has been suggested that only 

a small fraction (5%) of DEET applied as personal care product would be introduced to the atmosphere, and that the 

majority of the chemical found in the environment (87.5%) would enter waterways, mainly via washing into 

wastewater (Weeks et al., 2012). DEET has been reported in wastewater and U.S. waterways, but at concentrations 

below those measured in fog water here (Sandstrom et al., 2005).  

Aerosol Measurements at Ventura 

Aerosol samples (<2.5 μm diameter particles) were collected using a Thermo Anderson Hi-Volume Air Sampler at 

an air flow rate of approximately 1.1 m3 min-1. All aerosol samples were collected at Serra Cross Park (34.285, -

119.296, 230 m A.S.L. near Grant Park) in Ventura. Filters were re-wrapped after collection in baked heavy duty 

aluminum foil and sturdy paper folders, sealed in plastic bags, and kept refrigerated or frozen. Punches of filters 

were extracted into 18.0 MΩ water via sonication with heat: five 25 mm punches were placed into a Falcon 16 mL 

polystyrene test tube, capped and extracted into 10 mL over 45 min, and into an additional 5 mL over 45 min. 

Extracts were combined and filtered using a 0.2 μm PTFE syringe filter to remove quartz filter fibers. Extracts were 

then frozen in Thermo Scientific 30 mL high density polyethylene amber bottles until analysis (~1 month). Filter 

field blanks were collected by placing a clean filter into the aerosol sampler for six to eight hr. without power to the 

air pump. Extraction method blanks were also generated by carrying out the filter extraction process with clean filter 

punches from the same quartz fiber filter batch as the sampled filters. LODs specific to each analysis (e.g., IC) were 

calculated from a combination of filter extraction method, filter field method, cloud water collector method, and 

deionized water blank (18.0 MΩ water analyzed using each method, including IC) responses. 



Aerosol samples were also collected in 1985/6 at a similar site within Grant Park. The site has been well visited on 

most summer days since the 1960s because it overlooks the city and ocean, and also is the location of the historical 

Serra Cross. There is an adjacent parking lot at the site that may have introduced some vehicle emissions to the 

collected aerosol. The aerosol concentrations [NO3
-]aerosol and [SO4

-2]aerosol at this site were lower in 1985/86 than in 

2015, while [organic acid]aerosol and [NH4
+]aerosol were greater in 1985/86 (Fig. S10). Measured [Ca+2]aerosol was 

approximately equivalent in the 1985/86 and 2015 measurements. It is likely that the differences in 1985/6 and 2015 

aerosol constituent concentrations are due to several major influences: (1) enhanced vehicle traffic at the Serra Cross 

parking lot in 2015; (2) sampling artifacts such as re-partitioning of semi-volatile organics acids, HNO3, and HCl in 

the 2015 samples due to longer sampling times than 1985/6 and interactions of collected chemicals (Pathak and 

Chan, 2005; Nylon and Teflon filter media and backup filters were used in 1985/6); and (3) decreased 

concentrations of some species due to regulation of industrial and mobile source emissions; (4) seasonal differences 

in temperature and/or emissions, including variations in sea spray aerosol formation (Gong et al., 1997); or (5) 

enhanced Cl- depletion in 2015 as a result of decreased [NH4
+]aerosol. Note that for the aerosol measurements made in 

1986, n=35, while for the 2015 study, n=5. Aerosol samples were also collected during fog events at CP in 1986 

(n=38); the aerosol constituent concentrations were similar to those measured at Ventura in 1986. 

 



 

Figure S1. Satellite images retrieved from the Geostationary Operational Environmental Satellite (GOES)-West satellite imager, 
displaying a night-time "fog product" (the difference between 10.7 window IR and 3.9 shortwave IR, Ellrod and Gultepe, 2007). 
All panes were retrieved for approximately 0:00 local time. Shades of blue correspond to cloud, with darker hues designating 
areas with higher confidence of cloud presence (note that some blue regions over land do not correspond to cloud). The sampling 
area is designated in each pane as an orange circle. The extent of the fog/stratus cloud cover is obviously greater on nights when 
fog was collected than on the night of 9/10 June, and was obviously present inland by midnight during each fog event. Based on 
additional time-resolved satellite images, the fog typically moved inland at approximately 10 pm. Greatest liquid water content 
values were observed during event 4 (13/14 June). Data retrieved and processed by Dr. Dan Lindsey of the National 
Oceanographic and Atmospheric Administration Center for Satellite Applications and Research.  



Figure S2. Weather parameters and LWCs observed before and during the 2015 fog sampling campaign (adjusted for assumed 
collection efficiency of 85% based on Demoz et al., 1996. Model output statistics (MOS) were retrieved from the University of 
Wyoming Department of Atmospheric Science website for the nearest possible location to the sampling site, Oakland, California. 
The passage of a front is visible in the pressure and wind direction traces. Regional winds were from the west through the 
majority of the sampling period, although locally, a sea breeze was present in the late afternoon through evening, bringing moist 
air onshore. Fog was sufficiently dense for collection after 9 June, when atmospheric pressure began to decrease and the 
dewpoint rose. Estimated LWCs from the two cloudwater collectors differed at times, likely due to battery power to the ss-
CASSC. For this reason, CASCC2 LWC values were used when discussing trends in this study. 

  

Figure S3. Soundings from archived observations from Vandenburg Air Force Base, on the California Coast north of Santa 
Barbara. Obvious temperature inversions are present in the temperature profiles, although the lapse rates measured during the fog 
collection campaign in 1985/86 were steeper within the inversion layers (rawinsonde data from Point Mugu; Munger, 1989). 
Inversion tops in both fog studies were at a height of approximately 1000 m. Data retrieved from University of Wyoming 
Atmospheric Science Department website. 

 



Figure S4. Example sampling setup demonstrating deployment of CASCC2 (left) and ss-CASCC (right) as well as 
location with respect to road and campaign vehicle. 

 

 

Figure S5. Major trends of fog water chemical components in Southern California fog. LWC is estimated from CASCC2 sample 
mass collected and sampling duration and adjusted for assumed collection efficiency of 85% based on Demoz et al., 1996. 

 

 

 

 

 



 

Figure S6. Major trends of low molecular mass organic fog water chemical components in Southern California fog. 
Concentrations scale well with NH4

+ concentrations. 

 

Figure S7. Back trajectories generated using NOAA HySPLIT every two hours on evenings with fog events sampled in June 
2015. Back trajectories were 12 hr in duration. Markers designate the site of the Refugio oil spill (further west; green) and CP 
summit (blue). Back trajectory traces were overlaid on a map using Google Earth. 



Figure S8. Correlations of (a) methanesulfonate and (b) oxalate with non-sea salt SO4
-2 concentrations within Southern California 

fog samples. For all analyses, n=20. 



  

Figure S9. Polar, organic compounds identified via LC-ESI-(-)-HR-ToF-MS. Molecular composition within the fog is illustrated 
via a plot of the ratio of the number of oxygen/carbon atoms (O/C ratios) versus accurate mass measured (Da), in all fog events. 
The first through fifth samples in time are represented by different colors and sizes of points: small, red points are first sample in 
each event, large, purple circles are last sample in each event. Series of compounds appearing diagonally with decreasing O/C 
ratios at increasing molecular mass differ mostly by CH2, with the same number of O atoms through each series. 

 

 



 

Figure S10. Trends in nitrophenol species quantified in CP fog samples using LC-(-)-ESI-HR-ToF-MS. Possible 
precursors for secondary atmospheric formation of nitrophenols are also shown, including NO3

-, toluene, and 
benzene. 

 

 

 

 



 

 

Figure S11. EOFs describing patterns in the VOCs measured during fog events and at probable VOC source sites. Larger values 
of standard deviation indicate greater involvement of a particular chemical species in an EOF. Red squares represent EOF1, with 
elevated concentrations of alkanes and aromatic species corresponding to a crude oil signature; yellow squares represent EOF2, 
with elevated concentrations of alkenes indicating a vehicular/processed oil signature; green squares represent EOF3 (negative 
values demonstrate greater impact), distinguished by elevated concentrations of alkylnitrates likely demonstrating an aged air 
signature; and blue squares represent EOF4, with elevated biogenic hydrocarbons concentrations. 

 

 



 

Figure S12. Principle components (PCs) of EOFs describing patterns in the VOCs measured during fog events and at probable 
VOC source sites. Larger values indicate more impact of a source (as described by an EOF) on air collected at a particular 
location and time. Red squares represent EOF1, corresponding to a crude oil signature that is influential at the oil spill site along 
the freeway; yellow squares represent EOF2, indicating a vehicular/processed oil signature as typified by the freeway and oil 
processing plant in Carpinteria; green squares represent EOF3, distinguished by elevated concentrations of alkyl nitrates likely 
demonstrating an aged air signature that was found in some fog-laden air, and during the sunny afternoon at the oil spill site and 
the San Marcos Road; and blue squares represent EOF4, which is representative of a biogenic impact, and had an influence 
during afternoon grab sampling periods at San Marcos Road as well as at the oil processing plant in Carpinteria and during some 
fog events. 

 



 

Figure S13. Ratios of alkyl nitrate to parent alkane concentrations measured in gaseous grab samples during the fog sampling 
periods. The greatest enhancements in [n-butyl nitrate]/[butane] and [2-propyl nitrate]/[2-propane] were observed before 
midnight, which is suggested here to indicate advection of emissions containing fresh alkanes overnight as winds shifted from 
westerly to onshore (also see  for wind measurements). 

 

 



  

Figure S14. Aerosol phase concentrations of inorganic species observed in the 2015/current study (top), and in the 1985/86 study. 
Measurements were made during both studies at a hill site above Ventura, California, and are plotted in the larger markers. 
Smaller circular markers in the bottom graph represent concentrations of aerosol species measured at the fog sampling site along 
CP road in 1986. Concentrations of NO3

-, SO4
-2, and Na+ were similar in the studies, but NH4

+ concentration were greater in the 
1985/86 study. Note that the aerosol sampling period in the 1985/86 study was later in the summer than in the 2015 study, so that 
higher temperatures might have caused increased volatile emissions of NH4

+. 

 

 

 

 



Table S2. Summary of contrasted volume weighted mean (VWM) and range of concentrations measured in fog water 
collected at Casitas Pass in a 1985/6 study (Munger, 1989) and the 2015 study. Note that concentrations of fog 
constituents measured in the 2015 study are also tabulated in Table 1 of the main text. 

Chemical Species 
Concentrations in 1985/6 Study (μM) Concentrations in 2015 Study (μM) 

VWM Range VWM Range 
pH 3.96 3.28-4.93 5.92 5.34-6.67 
NH4

+ 536 113-1450 232 85-640 
NO3

- 364 141-2800 126 30.4-778 
SO4

2- 147 54-2150 29 12.1-90.0 
Na+ 129 12-1000 101 <30-320 
Formate 24 16-58 23 10-38 
Acetate 9 4-15 12 4-29 
Formaldehyde 7 3-16 3.4 1.3-6.6 

 



 
Table S3. Fog sample collection dates and times, pH (measured at the sampling site), mass of collected fog from both samplers, 
liquid water content, charge balance, and total organic carbon concentration. Charge balance calculated from organic and 
inorganic species concentrations. 

  
Start 
Date 

Start 
Time 

End 
Time pH 

Collected, ss-
CASCC (g) 

Collected, 
CASCC2 (g) 

LWC (ss-
CASCC) 

Balance 
(+/-) 

TOC 
(ppmC) 

Event 
1 

10-Jun 22:05 0:05 5.34 121.3 62.4 46.3 1.13 16.1 
11-Jun 0:05 2:05 5.77 87.9 46.7 33.5 1.12 9.05 
11-Jun 2:05 4:05 5.83 132.3 79.1 50.5 1.1 10.3 
11-Jun 4:05 6:05 5.9 144 75.7 54.9 1.08 10 
11-Jun 6:05 8:05 6.43 91.9 45.8 35.1 1.09 11.2 

Event 
2 

11-Jun 21:55 0:36 5.67 39.5 21 44.1 1.14 8.2 
12-Jun 2:00 3:00 5.98 101 51.2 77.1 1.3 6.4 
12-Jun 3:00 4:00 5.8 85.2 53.2 65.0 0.88 4.7 
12-Jun 4:00 6:00 6.02 126.3 84.8 48.2 1.41 4.78 
12-Jun 6:00 8:00 6.25 99.4 77.5 37.9 1.63 5.8 

Event 
3 

12-Jun 21:30 23:30 5.97 35.1 16.9 13.4 1.24 10.8 
12-Jun 23:30 1:30 6.67 42.3 20.8 16.1 1.28 10.4 
13-Jun 1:30 3:30 6.38 71.2 43.8 27.2 1.17 11.2 
13-Jun 3:30 5:30 6.21 12.1 29.7 4.62 0.72 14 
13-Jun 5:30 7:30 5.65 31 23.1 11.8 0.84 16.8 

Event 
4 

14-Jun 0:50 1:50 6.65 104.1 40.9 79.4 1.15 7 
14-Jun 1:50 1:50 6.04 139.9 46.9 107 1.19 6.1 
14-Jun 2:50 2:50 6.04 140.7 51.4 107. 1.18 4.89 
14-Jun 3:50 3:50 5.93 103.5 31.9 79.0 1.21 5.9 
14-Jun 4:50 4:50 6.13 101.1 32.2 38.6 1.21 6.45 

 

Table S4. Aerosol sample constituent concentrations from past (summer 1985 and 1986, Munger, 1989) and current 
(June 2015) studies at a hill site in Ventura, California. Concentrations of aerosol constituents measured during the 
1985/1986 campaign at CP were similar to those measured at Ventura. All concentrations are in units of nmol m-3. 
Values below the LOD are shown in italics. 

  Aerosol Loading, 1986 (nmol m-3) Aerosol Loading, 2015 (nmol m-3) 
Chemical Mean Min Max Mean Min Max 
NH4

+ 90 16 239 11.3 <LOD 27 
NO3

- 76 18 205 166 12.3 262 
Na+ 90 16 239 64.1 29.4 89.1 
Cl- 58 <LOD 200 7.6 <LOD 17 
SO4

-2 67 21 148 108 4.3 244 
Ca+2 13 5 31 14.2 6.8 19.4 
Mg+2 9.8 1.5 26.5 3.9 0.7 6.8 
K+ -- -- -- 1.1 0.4 1.8 
Formate 81 38 260 <LOD <LOD 1.3 
Acetate 74 36 123 <LOD <LOD 1.3 

 

  



Table S5. Mean, minimum, and maximum concentrations of organic and inorganic species quantified in fog samples collected at 
CP (via extraction into a non-polar solvent, methylation, and GC/MS analysis). All concentrations are given in μg L-1 from 50 μL 
final extract volumes; acids were quantified as methyl esters. 

Soluble 
  Event 1 Event 2 Event 3 Event 4 Blank LOD 
n-Alkanoic Acids             
C7 1.54 2.97 8.78 1.78 1.11 0.3 
C8 <LOD <LOD <LOD <LOD <LOD 0.5 
C9 7.4 <LOD <LOD <LOD <LOD 2 
C10 <LOD <LOD <LOD <LOD <LOD 2 
C11 <LOD <LOD <LOD <LOD <LOD 2 
C12 <LOD <LOD <LOD <LOD <LOD 3 
C13 <LOD <LOD <LOD <LOD <LOD 3 
C14 <LOD 3.04 5.32 <LOD <LOD 3 
C15 <LOD <LOD <LOD <LOD <LOD 3 
C16 10.5 12.49 82.8 8.83 9.82 2 
C17 <LOD <LOD <LOD <LOD <LOD 2 
C18 12.1 12.5 67.9 9.87 10.9 0.3 
C19 <LOD <LOD <LOD <LOD <LOD 0.3 
C20 <LOD <LOD <LOD <LOD <LOD 0.3 
C21 <LOD <LOD <LOD <LOD <LOD 0.3 
C22 <LOD <LOD <LOD <LOD <LOD 0.3 
C23 <LOD <LOD <LOD 1.49 <LOD 0.3 
Adipate 2.69 5.28 49.2 3.68 1.01 0.09 
Azelate 4.4 10.2 73.1 8.67 1.43 0.2 
N,N-diethyl-toluamide 12.1 10.9 5.21 20.2 <LOD 1.3 
CPI 1.59 1.06 1.44 3.2 <LOD -- 

Insoluble 
  Event 1 Event 2 Event 3 Event 4 Blank LOD 
n-Alkanoic Acids 

      C7 0.365 0.83 1.18 0.559 <LOD 0.08 
C8 <LOD <LOD <LOD <LOD <LOD 0.2 
C9 <LOD <LOD <LOD <LOD <LOD 0.5 
C10 <LOD <LOD <LOD <LOD <LOD 0.6 
C11 <LOD <LOD <LOD <LOD <LOD 0.5 
C12 <LOD <LOD <LOD <LOD <LOD 0.5 
C13 1.68 2.14 <LOD <LOD <LOD 0.5 
C14 <LOD <LOD <LOD <LOD <LOD 0.4 
C15 <LOD <LOD <LOD <LOD <LOD 0.4 
C16 2.16 1.22 0.665 5.83 <LOD 0.4 
C17 <LOD <LOD <LOD <LOD <LOD 0.4 
C18 1.38 1.19 1.55 3.26 <LOD 0.2 
C19 <LOD <LOD <LOD <LOD <LOD 0.2 
C20 <LOD <LOD <LOD <LOD <LOD 0.2 
C21 <LOD <LOD <LOD <LOD <LOD 0.13 
C22 <LOD <LOD <LOD <LOD <LOD 0.12 
C23 <LOD 1.34 <LOD 1.7 <LOD 0.11 
Adipate 0.83 1.33 1.48 0.82 <LOD 0.05 
Azelate 1.23 3.2 1.47 0.64 <LOD 0.03 
N,N-diethyl-toluamide 3.51 5.1 14.1 4.05 <LOD 0.1 
CPI 2.53 4.59 13.17 4.12 9.43 -- 

 

 



Table S6. Fog sample concentrations of inorganic species. 

  Start Date Start Time Ca2+ Cl- K+ Mg2+ Na+ NH4
+ NO2

- NO3
- SO4

2- 
  (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) 

Event 1 

10-Jun 22:05 12.7 103 12.7 16.9 120 249 3.4 135 34.9 
11-Jun 0:05 14.6 96 15.1 15.1 148 340 7.5 167 49.1 
11-Jun 2:05 8.4 67 12.6 9.4 89.4 306 8.8 150 37.8 
11-Jun 4:05 5 36 8 3.3 27.8 263 6.7 114 27.6 
11-Jun 6:05 19.7 37 7.4 5.1 23.2 280 5.6 131 29.8 

Event 2 

11-Jun 21:55 7.3 47 5.3 <LOD 51.7 120 2.7 30.4 12.1 
12-Jun 2:00 38.7 283 21.8 43.9 324 197 5.5 112 32.4 
12-Jun 3:00 5 52 2.7 5.7 43 84.6 3.1 39.4 13.4 
12-Jun 4:00 11.8 52 5 8.4 62.5 128 3.8 42.2 14.3 
12-Jun 6:00 33.9 30 4.5 8.8 38.4 140 4.5 47.6 15 

Event 3 

12-Jun 21:30 67.2 199 14.1 34.8 263 300 7 220 43.1 
12-Jun 23:30 63.7 165 18.6 36.1 239 312 7.7 204 40.4 
13-Jun 1:30 63.9 188 22.3 40.5 269 352 9.1 270 50.7 
13-Jun 3:30 35.2 112 19.2 22.8 153 404 10.3 289 48.6 
13-Jun 5:30 72.8 139 20.3 40.1 205 640 15.8 778 90 

Event 4 

14-Jun 0:50 18 128 7.9 18.4 153 189 3.9 73.7 21.4 
14-Jun 1:50 12.4 51 6 8.8 53.8 176 3.3 54.6 17.7 
14-Jun 2:50 5.7 34 4.1 2.8 24 145 3.6 44 12.5 
14-Jun 3:50 8.1 44 5.2 3.4 14.7 182 3.2 65 12.2 
14-Jun 4:50 17 46 9.6 5.6 25.6 200 4 97 15 

 

  



 Table S7. Fog sample concentrations of polar organic species. 

Start Date Start Time 
4-Nitrophenol 2-Methyl-4-Nitrophenol 2,4-Di-Nitrophenol Adipate Pinonate Pinate Azelate Total Nitrophenols 

(nM) (nM) (nM) (nM) (nM) (nM) (nM) (nM) 
10-Jun 22:05 0.006 0.006 <LOD 0.075 0.055 0.007 0.08 0.016 
11-Jun 0:05 0.004 <LOD 0.012 0.055 0.056 0.003 0.12 0.016 
11-Jun 2:05 0.005 <LOD 0.016 0.083 0.039 0.012 0.08 0.022 
11-Jun 4:05 0.004 <LOD 0.015 0.06 0.036 0.007 0.09 0.019 
11-Jun 6:05 0.005 <LOD 0.014 0.061 0.047 0.013 0.14 0.018 
11-Jun 21:55 0.005 <LOD 0.004 0.078 0.039 0.019 0.14 0.009 
12-Jun 2:00 0.004 <LOD <LOD 0.051 0.025 <LOD 0.09 0.005 
12-Jun 3:00 0.004 <LOD 0.005 0.031 0.02 <LOD 0.04 0.009 
12-Jun 4:00 0.004 <LOD 0.005 0.035 0.024 <LOD <LOD 0.008 
12-Jun 6:00 0.004 <LOD 0.009 0.046 0.043 0.005 0.07 0.013 
12-Jun 21:30 0.006 0.015 <LOD 0.199 0.06 0.009 0.1 0.024 
12-Jun 23:30 0.01 0.037 0.005 0.206 0.07 0.016 0.13 0.055 
13-Jun 1:30 0.015 0.034 0.011 0.179 0.059 0.015 0.1 0.059 
13-Jun 3:30 0.012 0.007 0.026 0.14 0.059 0.02 0.18 0.045 
13-Jun 5:30 0.014 <LOD 0.056 0.158 0.09 0.036 0.22 0.07 
14-Jun 0:50 0.007 0.014 0.005 0.113 0.022 0.006 0.07 0.026 
14-Jun 1:50 0.005 0.009 0.004 0.09 0.029 <LOD 0.05 0.019 
14-Jun 2:50 0.006 <LOD 0.004 0.058 0.04 <LOD 0.03 0.009 
14-Jun 3:50 0.011 0.029 0.01 0.063 0.044 0.007 0.06 0.051 
14-Jun 4:50 0.008 0.008 0.016 0.088 0.076 0.009 0.22 0.033 

 



 Table S8. Fog sample concentrations of low molecular mass organic species.  

Start 
Date 

Start 
Time 

HCHO Lactate Acetate Propionate Formate MSA Pyruvate Valerate Glutarate Succinate Malonate Maleate Oxalate 
(μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) (μM) 

10-Jun 22:05 4.1 2.3 8 1.1 21 3.6 1.7 0.3 1.8 4.41 5.6 0.6 12 
11-Jun 0:05 2.6 3.4 16 2.1 39 5.5 2.9 0.2 2.2 5.82 7.1 0.6 16.8 
11-Jun 2:05 5.4 2.6 14 1.8 32 4 2 0.2 1.6 3.98 5.4 0.2 12.3 
11-Jun 4:05 5.3 0.7 16 1.3 33 2.5 1 0.3 1 2.88 0.2 0.3 7.5 
11-Jun 6:05 6.6 2.6 19 2 39 2.7 1.1 0.3 2.6 3.35 0.2 0.3 7.6 
11-Jun 21:55 2.6 2.4 13 1.2 22 2.2 1.4 0.2 0.8 0.56 1.6 0.3 6.9 
12-Jun 2:00 1.5 2.3 13 1.3 19 3.6 1.7 0.2 1.3 2.36 4.2 0.4 12.4 
12-Jun 3:00 2.7 1.5 8 0.8 23 2.2 0.9 0.2 0.8 1.59 2.1 0.5 5.2 
12-Jun 4:00 3.1 1.5 7 0.5 16 1.8 0.7 0.2 0.5 1.13 1.5 0.4 5 
12-Jun 6:00 3.7 2.7 10 11 17 2 1.3 0.2 0.7 1.37 1.8 1.1 5.7 
12-Jun 21:30 5.6 5.1 17 2.5 32 4.3 4.1 0.2 3.2 1.72 7.4 0.3 15 
12-Jun 23:30 2.7 5 16 2.2 24 4.8 2.9 0.2 4 3.57 10.6 0.5 24.5 
13-Jun 1:30 3.4 5.2 16 2.2 28 5.7 4.7 0.2 3.8 5.28 10.3 0.4 27.1 
13-Jun 3:30 3 6.2 16 2.1 31 6 4.2 0.3 4.9 6.27 12.5 1.1 29.8 
13-Jun 5:30 4.9 7.7 22 2.5 33 7.3 4.6 0.2 5.5 4.94 10.2 1.5 32.6 
14-Jun 0:50 1.7 3.3 18 1.8 24 3 2.2 0.2 2.9 4.78 7.2 0.2 16.7 
14-Jun 1:50 2.5 2.7 13 1.5 19 2.5 2.1 0.2 2.1 3.54 5.5 0.5 12.5 
14-Jun 2:50 1.3 2 8 1 11 1.8 1.7 0.2 1.6 2.52 3.7 0.7 7.3 
14-Jun 3:50 3.1 3.4 8 1.1 12 1.5 1.6 0.3 1.5 1.98 2.6 0.7 6.3 
14-Jun 4:50 2.3 11.5 7 1 11 1.7 2.2 0.7 1.5 1.38 2 0.6 7.1 



Table S9. Fog water constituents tentatively identified via (-)-ESI-ToF-MS. "x" markers indicate whether the species 
were identified in each sample during the four fog events observed. 
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