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carbon methylene c n the list and not shown in reactlve, but toxic by inhalation, by prolonge th llection and analysis of water samples for dissolved mi-
RECONNAISSANCE OF VOLATILE SYNTHETIC ORGANIC CHEMICALS tetrachloride chloroform chloride Benzene Cis-1,3-Dichloro- any of the tables were not detected or repeated contact with the skin or mucous mem- ne:aig and g:sezz S.E.yceological Survés eTechniques of Water
AT PUBLIC WATER SUPPLY WELLS THROUGHOUT PUERTO RICO, Bromoform propene during analysis' brane or when 1ngested by mouth. Can cause Resources Investigations, Book 5, Chapter Al, 160 p.
NOVEMBER 1984 - MAY 1985 Similarly, vinyl chloride can be Carbon Tetra- 2-Chloroethyl ) ) . - dermatitis after repeated or prolonged contact
produced from tetrachloroethylene, chloride vir}yl ether ) Relatzvely hlg_h con;lzen.traltloni ie with th; slgin. Upon ingestion it Causeshir;it;i- Feltz, Herman R. and Anthony, Earl R., 1985, Water Quality Laboratory
a common degreaser agent: Chlorobenzene 1,4“D1Ch10r0"' hdlogenate organic chemicals e tion of the gastrointestinal tra(::t whic I} Services Catalog: U.S. Geological Survey Open—File Report 84—
= , - - - da Avile: Chlorodibromo- benzene detected at 16 water-supply wells turn causes nausea, vomiting, diarrhea andg 171, 125 p.
Sen€én Guzman-Rios, Rene” Garcia, and Ada VI‘ en Cl1 c1 H (1 H c1 H H met hane 1,1-Dichloro- throughout the Island. Trichloro- bloody stools. Suspected carcinogen.
‘ G = frernc gl & Qe > = C-- -G = ¢ Chloromethane ethylene ethylene (TCE) and/or tetrachloro- Friedman, L.C., and Erdmann, D.E., 1982, Quality assurance practices
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; Chloroform ethane commonly used as degreasing agents, Figure‘2.--0.(:0urrence of .speciflc VOI:I::;.I: grgga/nﬂc 1,1-Dichlo- 99.0 57.3 CH30HC12 Colorless 1liquid. Aromatic. Liver injuryfl;a.s sediments: U.S. Geological Survey Techniques of Water
INTRODUCTION The authors. wish to aé:knowledge —— tri- 1,1-di- Viny1l Dichlorebrant= 1,1,1-Trichloro- were detected in concentrations above chemicals in (.aonceillxtrtal:;lonsh::'tg;l;erto Ric}:) ethane Eeen ;ep(i)itid ;n experim::’;ltale}a(nim:is;o ﬁ:at ;i Resources Investigations, Book 5, Chapter A6, 181 p.
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Grofumtii Walfer is the fPrlnCtleai ;llxzrrlt:OOfRiZoein tl?e ssamaple CO;;:ﬁtgzn ethylene ethylene ethylene Ethylbenzene 1,1,2-Trichloro- nos. ls 12, 13, 16, 17, 48,(154, 177, oyein : GOerlitz,iD-F..b i“d Br:wn, f-s 137§, GMe;hOiS iO‘ST analy;ishoi or-
source o rinking water for abou Bromomethane ethane 178, 191, 219, 221 and 233 (table 2). ganic substances in water: U.S. Geological Survey Techniques
i i . ciall ’ . p 1,1,1-Tri- 133.42 | 74.1 jCH,CC1 Colorless liquid. Narcotic in high concentra-
850,900 people in  Puerto Rle) e]f:fizgul Ttl:ls Ea‘tnutil;oeresr %Ziloesspgarciaz Compounds 1like chloroform and Methylene Chloride 1,1,2,2-Tetra- Chloroform at concentrat10n§ higher eth;ne 37773 tfons, A obher cramle chiorides, when Seaped of Water Resources Investigations, Book 5, Chapter A3, 40 p.
(National Water ~ Summary, 1985),' '.%riche e theg PRASA main office in bromoform can also be produced during Tetrachloro- chloroethane than 5 ug/L was detected at nine wells . . . . to decomposition, 1t may yield phosgene (car- e g AR PSS s Sy Y505, Becupmlesss: of ol
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WoCer wusea im Dderte Rice are Abeut cally with humic substances in water Trichloroethylene 1,2-Dichloro- Wells nos. 16, 193 and 233 showed high uerto Rico, November ay : Bromoform | 252.77 | 149.5 CHBr, | Colorless liquid or hexagonal crystals. Causes . '
250 m1111<_3n gallens p.er,day (Mgel/d) to produce chloroform and other Vinyl Chloride propane concentrations of 1,l-dichloroethylene Volatile organic chemical, in micrograms lachrymation. Tt can damage the liver to a Guzman-Rios, S. and Quinones-Marquez, F., 1984, Ground-water quality
(Torres-Sierra and Aviles, 1985). .The halogenated compounds. Trans-1,3- Trans-1,2- and 1,1,l1-trichloroethane (table 3). Well per liter (ug/L) or parts per billion (ppb) serious degree and cause death. 1In addition to at selected sites throughout Puerto Rico, September 1982-July
development of the most accessible dichloro- dichloro- Only two of the sampled wells showed Number E F it's narcotic effects, it is a metabolic poison. 1983: U.S. Geological Survey Open-file Data Report 84-058,
surface water supplies will result in VOLATILE ORGANIC CHEMICALS METHODS AND PROCEDURES propene ethylene concentrations of carbon tetrachloride A B Y D When heated to decomposition, it emits highly 1 plate.
an increasing demand for ground AND WATER CONTAMINATION above 2 ug/L (wells nos.193 and 217). 16 <0.20 | 0.20 l<0.20 | s8.00 24.00 18.00 toxic fumes.
WaLer. Sampling Procedures A sample collected at well no. 193 had 32 4.0 <,20 | <.20 <20 <.20 <.20 < 1. » 1985, Reconnaissance of trace organic compounds in ground
Volatile synthetic organic a concentration of 7 ug/L while three 3.6 <.20 <.20 <,20 <,20 <.,20 Bromodi- 163.8 | 90.6 CHBrCl2 Colorless liquid. ?t e toxicity is unknown, but water throughout Puerto Rico, October 1983: U.S. Geological
Recent investi.gations conducted chemicals (VOC's) are among the most Ground-water samples were collec— All laboratory analyses were samples from the other well showed 36 3.5 1.0 <. 20 <,20 <,20 <.20 chlgro- Piﬁbablglisigarcotlidlg high cgncentratiogs.iAs Survey Open-file Data Report 84-810, 1 plate.
by he Us,8. Geologleal Survey, WD important groups of industrial chem- ted as close as possible to the well performed within a time of 14 days concentrations of 87, 95 and 94 ug{L 92 1.3 6.8 4.8 <,20 <,20 <.20 methane ?irzr chlorides cou e very dangerous during
(USC.;S) heve showa t]:}e presence ?f icals. VOC's are used extensively in discharge at 243 public water supply after collection to a detection level respectively. Toluene was deteFted in 1.4 8.9 4.9 :.20 <.20 2227.8 S Puerto Rico Department of Health, 1983, Administrative Order no.
toxic synthetic organic sherlesls o the manufacture of degreasing agents, wells following techniques described of 0.2 micrograms per liter (ug/L). concentrations above 1 -ug/L in only 114 8.1 1.5 2.6 <.20 <.28 o — SUB.3 | 138 - Colorless to pale yellow, heavy liquid. It's 10, 4 p.
ground water throughout Puerto Rico cleaning  fluids, and industrial by B d oth (1970), Goerlitz The detection level is the minimum one well (well no. 211 with 12 ug/L). 11 1.6 2.8 .20 <.2 .2 i e 2| toxicity is unknown. bt Ehis kind of comsenid ' '
(Gomez-Gomez and Guzmadn-Rios, 1982). ; i v SEONE BN, DEHEES e : h 3.0 9.9 9.9 <.20 <,20 <,20 y > p Sax, N.I., 1975, Dangerous Properties of Industrial Materials, Fourth
: : $ 1 i chemigals., Zfmoop the most important and others (1972) and Wood and others concentration of a substance that can : 116 = : B 2. = 3 methane is irritant and narcotic. It emits toxic fumes Edition, 1259 p
Volatile synthetic organic c.hemlcals compounds of the VOC's group are (1976) The sampling was conducted be identified, measured, and reported In general, the concentrations of 5.1 <.20 <.20 «20 .20 :.20 when heated to decomposition. B .
(VOC's) have been detected in water trichloroethylene (TCE), tetrachloro- £ N. ber 1984 to May 1985. Fleld with 99% confidence that the substance chemicals detected at 16 wells (wells 119 4.3 <.20 | <.20 <,20 <.20 .20 8 3 f Puerk
blic water supply wells in i e o Hay ) : : d 1, 12, 13, 16, 17, 48, 154, 177 120 1.4 <,20 | <.20 <.20 <,20 <.20 . Torres-Sierra, H., and Aviles, A., 1985, Estimated water use in Puerto
from pu . G ethylene (PCE), carbon tetrachloride determinations were made of the concentration is greater than zero an nos. 1, > s > > s > ’ s 3 < 20 Benzene 78.11 | 80.09|C.H, Clear colorless liquid. Poisoning occurs most Rico, 1980-1982: U.S. Geological Survey Open-File Data Report
concentrations ranging froln 1‘t° 500 (ccl,), chloroform (CHC1l,), methylene specific conductance and temperature. determined from analysis of a sample 178, 184, 191, 193, 217, 219, 221,.and 121 2.6 <.20 | <.20 <‘20 Z'zg <'20 commonly through inhalation of the vapor, 85-5_;7.
michgrams per liter (Guzman-Rios e:.nd chloride (MC1l), and vinyl chloride Physical characteristics of the well in a given matrix containing the 233) exceeded the pr?posed maximum 126 <.20 | 9.4 1.0 .20 o2 . though benzene can penetrate the skin, and thus
Qllllnones-Mar.q:lez, 1984 and Guzman- (VC1). Most of these compounds are (latitude longitude, code, name, substance (Feltz and Anthony, 1985). contaminant levels (MCL's) promul'gat.ed 172 4.6 1.2 1.7 <.20 <.20 <.20 contribute'to poisoning._ L9ca1%y, benzene has U.S. Environmental Protection Agency, 1980, Ambient Water Quality
Rios and Quiniones-Marquez, 1985). As toxic and/ or carcinogenic (table 1). donth of ’ enctration, depth to water by the USEPA (table 4) for drinking 178 34 1.9 1.9 <,20 <,20 <420 a comparatively strong irritating effect pro- Criteria for Tetrachloroethylene: A Document for Water Quality
result of these findings, pumpage was g .p £e) ’ héalned f£rom water (USEPA, 1985). Actual criteria 184 <.20 <. 20 <.20 10 <,20 <.20 ducing erythema and burning. Exposure to high Criteria, 39 p.
discontinued at 6 wells operated by SISIGS pum;l;}{gASZafe.l vl established by PRDOH (PRDOH, 1983) for 187 7.9 13 5.3 <.20 <.20 <.20 concentrations (3,000 ppm) may result in acute
the Puerto Rico Aqueduct and Sewer e . suitability of drinking water (50 ppb 188 1.3 <.20 | <.20 <-§g :;g :gg pglsto)nlng, characﬁerized bylthe narcotic action U.S. Environmental Protection Agency, 1985, Federal Register: National
Authority (PRASA), the Commonwealth Qualit of TCE or PCE or 100 ppb of all 1.0 <.20 | <.20 <.2 . . o enzene on the central nervous system. Pri Drinking Water Regulations: Volatile Synthetic O i
- : : - y Assurance rimary Drinking Water Regulations; Volatile Synthetic Organic
of Puerto Rico agency responsible for The use of VOC's for 1ndustr1:§1 ‘ Two raw w.ater (bef?re fvater enters combined VOC's) was exceeded only at 193 <.20 | <.20 | <.20 |190 6.1 29 Dangerov:xs when e’_{POSed o }}eat or flame, can Chemicals; Final Rule and Proposed Rule, Vol. 50 No. 219, —-p.
public-water supply. Monitoring of 10 and domestic purposes has resulted in in contact with chlorination procclais) — i Jis 7 welle (wells nos. 1, 16, 193, 210 <.20 | <.20 | <.20 356 8.9 30 react vigorously with oxidizing material. Ben-
fid e T i i 20-milli- ie samplin uali assurance $ oy ’ s s . . . . . . -
additional wells in the vicinity of tl}e 'rejlease ko t.he. chvircmicnr of i?ttr:lples fer: Cl(;llsei]tieadlsll‘;t leacltln wall procedures inciudeg Ehe co}ilection af 217, 219, and 233). 210 2.2 |13 J.8 <. 20 <, 20 <.20 :zgeczicinsoﬁon slr EoOtimipAnt And & suURpoC U.S. Geological Survey, 1984, National water summary, 1985: U.S.
ihose wolls LB elhp cORCecter by The stgnifieant ghaptibies ef sane of oF Bicther 3ans P 11 well - 2.6 |11 3.7 20 | <20 <.20 dild Geological Survey, Water Supply Paper 2275, p. 367-372.
SGS i ti ith PRASA these compounds. Although VOC's are for further 1laboratory determination duplicate samples at a wells sam L. 1 inf X bent Eha 2.6 |57 8.9 <.20 <.20 <.20
U in cooperation wi . - d b i1 of volatile organic compounds. The pled. About 25% of those samples were Additional information abou ] : s <
readily adsorbe 3 hesSt = Bolis, . . . & Bu ihe dsberatmrr Bk Gneiedc sampling sites, laboratory techniques 211 <.20 | 1.2 <.20 .20 .20 .20 .on for table 3 Wood, P.R., Lang, R.F., and Payan, I.L., 1981, Anaerobic transfor-
In 1985, the USGS began a contamination of ground water with vials were equipped with OI.)er.l—toP sez ho 1 o a y-th and results, wells characteristics or 212 <.20 (46 7.3 <.20 <.20 <.20 Explanation for - mation, transport and removal of volatile chlorinated organics
comprehensive islandwide study of VoC's is one of the principal ground S i an Lhe resuts wen?_ -compare b any other information in this report <.20 <.20 <.20 <.20 <.20 <.20 A Bromoform (CHBr.) in ground water: Drinking Water Research Center, Schocl of
P aa i rubber septa. After collection, the those from the original samples. y <.2 <.20 | <.2 32 5.4 26 : % CHBrC1
VOC's in drinkine water The study water quality problems in the Nation P 5 b jighia £ the U.9. Geslos= 233 .20 " .20 . B Bromodichloromethane (CHBr 2) Technology, Florida International University, 20 p.
ome. sondnered dn tavpetaston Fh whe (USEPA, 1985). Several nationwide samples were wrapped in aluminum foil adélelonal devslls for the guality o esaval 7WR§ rgmribbea;l .Distriit <.20 | <.20 | <.20 | 31 4.7 24 C Dibromochloromethane (CHCBr.)
P : t Rico De artI:nent of Health investigations to determine the to reduce exposure to ultraviolet assurance procedures for the field teat ur.vey ’ @ - " Ri <.20 | <.20 | <.20 | 27 4.5 23 D 1,l1-Dichloroethylene or Vinyiidene Chloride (CH,CC1,) Wood, W.W., 1976, Guidelines for collection and field analyses of
- cd PRESA Sampl were extent of contamination of aquifers light, which may cause photochemical sampling are described by Friedman and Off%ce. 0 i uer 08 KCO <.20 .20 | <.20 | 26 24 18 E 1,1-Dichlorcethane or Ethylidene Chloride (CH,C Clzg ground-water samples for selected unstable constituents:
(PRDOH)  an 2'43 am;}:)le.s & with VOC's have revealed widespread changes of the compounds. The samples Erdmann (1982). Procedures for (Building 652,. (?SA Center, Hwy 28, Km. 239 <.20 | 6.5 1.1 <,20 <.20 <, 20 F 1,1,1-Trichloroethane or Methyl Chloroform (Ca3CCl3) U.S. Geological Survey Techniques of Water Resources
s B PR tamination with TCE and ©PCE were chilled to 4 °C immediately and laboratory quality assurance are also 7.2, Pueblo Viejo, telephone no. (809) <.20 | 5.5 1.4 <.20 <,20 <,20 < Is less than Investigations, Book 1, Chapter D2, 24 p.
supply wells eperated by FRASA ?EEE;K 1980) shipped to the USGS National Water included by Friedman and Erdmann. 753-4414) .
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